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Thank you in advance for your cooperation. | look forward to hearing from you.

Kind regards,

Ms. Gabriela Ledwdjcik, M.Sc.

Assistant Editor

Email: ledwojcik@mdpi.com

MDPI Branch Office, Krakow

al. Jana Pawta Il 43a, 31-864 Krakow, Poland
Tel: +48 12 298 47 99

Molecules Editorial Office

E-mail: molecules@mdpi.com
http://www.mdpi.com/journal/molecules

MDPI
St. Alban-Anlage 66

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1708604912876402172&simpl=msg-f%3A17086049...

12


mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
mailto:ledwojcik@mdpi.com
mailto:molecules@mdpi.com
http://www.mdpi.com/journal/molecules

10/12/21, 9:31 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Article Processing Charge Confirmation

4052 Basel
Switzerland

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1708604912876402172&simpl=msg-f%3A17086049...  2/2



10/12/21, 9:32 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Funding Information Confirmation

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - Funding Information
Confirmation

Molecules Editorial Office <molecules@mdpi.com> Wed, Oct 6, 2021 at 1:18 PM
Reply-To: molecules@mdpi.com, ledwojcik@mdpi.com

To: Meinilwita Yulia <meinilwitayulia@polinela.ac.id>, Diding Suhandy <diding.sughandy@fp.unila.ac.id>

Cc: Molecules Editorial Office <molecules@mdpi.com>, Gabriela Ledwdjcik <ledwojcik@mdpi.com>

Dear Authors,

When you submitted, you added the following funding information in the
system. Your manuscript has now been accepted. Please carefully check and
ensure that your funding information is correct in any places where it
appears in your manuscript.

Funding information in our system:
the Indonesian Ministry of Education, Culture, Research, and Technology
(KEMENDIK-BUDRISTEK): Grant No. 378.1/PL15.8/PT/2021

Manuscript ID: molecules-1368447

Type of manuscript: Article

Title: Quantification of Corn Adulteration in Wet and Dry Processed Peaberry
Ground Roasted Coffees by UV Spectroscopy and Chemometrics

Authors: Meinilwita Yulia, Diding Suhandy *

Received: 20 August 2021

E-mails: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id
Submitted to section: Analytical Chemistry,
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry

5th Anniversary of Analytical Chemistry Section&mdash;Recent Advances in
Analytical Chemistry
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry

You can check it at:
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda

If you have any questions or if you require any modifications, please contact
us.

Kind regards,
Submission System

https://mail.google.com/mail/u/0?ik=8c5e4f6f1 &view=pt&search=all&permmsgid=msg-f%3A1712850053692347650&simpl=msg-f%3A17128500...  1/1


mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda

10/12/21, 9:32 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Final Proofreading Before Publication

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - Final Proofreading Before
Publication

Molecules Editorial Office <molecules@mdpi.com> Wed, Oct 6, 2021 at 8:52 PM

Reply-To: ledwojcik@mdpi.com
To: Diding Suhandy <diding.sughandy@fp.unila.ac.id>
Cc: Meinilwita Yulia <meinilwitayulia@polinela.ac.id>, Molecules Editorial Office <molecules@mdpi.com>

Dear Dr. Suhandy,

We invite you to proofread your manuscript to ensure that this is the final
version that can be published and confirm that you will require no further
changes from hereon:

Manuscript ID: molecules-1368447

Type of manuscript: Article

Title: Quantification of Corn Adulteration in Wet and Dry-Processed Peaberry
Ground Roasted Coffees by UV-Vis Spectroscopy and Chemometrics
Authors: Meinilwita Yulia, Diding Suhandy *

Received: 20 August 2021

E-mails: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id
Submitted to section: Analytical Chemistry,
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry

5th Anniversary of Analytical Chemistry Section&mdash;Recent Advances in
Analytical Chemistry
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry

Please read the following instructions carefully before proofreading:
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Molecules Editorial Office.
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3) All authors must agree to the final version. Check carefully that authors’
names and affiliations are correct, and that funding sources are correctly
acknowledged. Incorrect author names or affiliations are picked up by
indexing databases, such as the Web of Science or PubMed, and can be
difficult to correct.

After proofreading, final production will be carried out. Note that changes
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Changes can be made to a paper published online only at the discretion of the

Editorial Office.

Please download the final version of your paper for proofreading here:
https://susy.mdpi.com/user/manuscripts/proof/file/75b417cb70ed41830bb0f7966073deda
and upload here:

https://susy.mdpi.com/user/manuscripts/resubmit/75b417cb70ed41830bb0f7966073deda

Supplementary and other additional files can be found at the second link. We
look forward to hearing from you soon.

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1712878645728807813&simpl=msg-f%3A17128786...

12


mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/proof/file/75b417cb70ed41830bb0f7966073deda
https://susy.mdpi.com/user/manuscripts/resubmit/75b417cb70ed41830bb0f7966073deda

10/12/21, 9:32 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Final Proofreading Before Publication
Kind regards,

Ms. Gabriela Ledwdjcik, M.Sc.

Assistant Editor

Email: ledwojcik@mdpi.com

MDPI Branch Office, Krakéw

al. Jana Pawta Il 43a, 31-864 Krakow, Poland
Tel: +48 12 298 47 99

Molecules Editorial Office

E-mail: molecules@mdpi.com
http://www.mdpi.com/journal/molecules

MDPI

St. Alban-Anlage 66
4052 Basel
Switzerland

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1712878645728807813&simpl=msg-f%3A17128786... 2/2


mailto:ledwojcik@mdpi.com
mailto:molecules@mdpi.com
http://www.mdpi.com/journal/molecules

10/12/21, 9:33 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Accepted for Publication

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - Accepted for Publication

Molecules Editorial Office <molecules@mdpi.com> Wed, Oct 6, 2021 at 1:18 PM
Reply-To: Gabriela Ledwojcik <ledwojcik@mdpi.com>, Molecules Editorial Office <molecules@mdpi.com>

To: Diding Suhandy <diding.sughandy@fp.unila.ac.id>

Cc: Meinilwita Yulia <meinilwitayulia@polinela.ac.id>, Molecules Editorial Office <molecules@mdpi.com>, Gabriela
Ledwdjcik <ledwojcik@mdpi.com>

Dear Dr. Suhandy,

Congratulations on the acceptance of your manuscript, and thank you for your
interest in submitting your work to Molecules:

Manuscript ID: molecules-1368447

Type of manuscript: Article

Title: Quantification of Corn Adulteration in Wet and Dry Processed Peaberry
Ground Roasted Coffees by UV Spectroscopy and Chemometrics

Authors: Meinilwita Yulia, Diding Suhandy *

Received: 20 August 2021

E-mails: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id
Submitted to section: Analytical Chemistry,
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry

5th Anniversary of Analytical Chemistry Section&mdash;Recent Advances in
Analytical Chemistry
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda

We will now edit and finalize your paper, which will then be returned to you
for your approval. Within the next couple of days, an invoice concerning the
article processing charge (APC) for publication in this open access journal
will be sent by email from the Editorial Office in Basel, Switzerland.

If, however, extensive English edits are required to your manuscript, we will
need to return the paper requesting improvements throughout.

We encourage you to set up your profile at SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as other academic contributions.

We also invite you to contribute to Encyclopedia (https://encyclopedia.pub),
a scholarly platform providing accurate information about the latest research
results. You can adapt parts of your paper to provide valuable reference
information, via Encyclopedia, for others both within the field and beyond.

Kind regards,

Farid Chemat
Editor-in-Chief

https://mail.google.com/mail/u/0?ik=8c5e4f6f1 &view=pt&search=all&permmsgid=msg-f%3A1712850053642792897 &simpl=msg-f%3A17128500...  1/1


mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda
https://encyclopedia.pub/

10/12/21, 9:34 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Manuscript Resubmitted

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - Manuscript Resubmitted

Submission System <submission@mdpi.com> Fri, Oct 8, 2021 at 8:35 AM
Reply-To: Gabriela Ledwojcik <ledwojcik@mdpi.com>, Molecules Editorial Office <molecules@mdpi.com>

To: Diding Suhandy <diding.sughandy@fp.unila.ac.id>

Cc: Meinilwita Yulia <meinilwitayulia@polinela.ac.id>

Dear Dr. Suhandy,

Thank you very much for resubmitting the modified version of the following
manuscript:

Manuscript ID: molecules-1368447

Type of manuscript: Article

Title: Quantification of Corn Adulteration in Wet and Dry-Processed Peaberry
Ground Roasted Coffees by UV—-Vis Spectroscopy and Chemometrics

Authors: Meinilwita Yulia, Diding Suhandy *

Received: 20 August 2021

E-mails: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id
Submitted to section: Analytical Chemistry,
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry

5th Anniversary of Analytical Chemistry Section&mdash;Recent Advances in
Analytical Chemistry
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda

A member of the editorial office will be in touch with you soon regarding
progress of the manuscript.

Kind regards,

MDPI

Molecules Editorial Office

Postfach, CH-4020 Basel, Switzerland
Office: St. Alban-Anlage 66, CH-4052 Basel
Tel. +41 61 683 77 34 (office)

Fax +41 61 302 89 18 (office)

E-mail: molecules@mdpi.com
https://www.mdpi.com/journal/molecules/

*** This is an automatically generated email ***

https://mail.google.com/mail/u/0?ik=8c5e4f6f1 &view=pt&search=all&permmsgid=msg-f%3A171301347903607 1576 &simpl=msg-f%3A17130134... 11


mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda
mailto:molecules@mdpi.com
https://www.mdpi.com/journal/molecules/

10/12/21, 9:35 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - APC Invoice

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - APC Invoice

MDPI Billing <billing@mdpi.com>
Reply-To: billing@mdpi.com
To: Diding Suhandy <diding.sughandy@fp.unila.ac.id>

Cc: Gabriela Ledwdjcik <ledwojcik@mdpi.com>, Billing Dpt <billing@mdpi.com>, Molecules Editorial Office

<molecules@mdpi.com>
Dear Dr. Suhandy,
Please find attached the invoice for your recently accepted paper. Follow

this link to adjust the currency, change the address, or add comments, as
necessary:

https://susy.mdpi.com/user/manuscript/75b417cb70ed41830bb0f7966073deda/invoice/1306593.

For immediate payment by credit card, visit https://payment.mdpi.com/1306593.

If you would like to use a different method of payment, click here:
https://www.mdpi.com/about/payment. Please include the invoice ID
(molecules-1368447) as reference in any transaction.

APC invoice amount: 1600.00 CHF

Manuscript ID: molecules-1368447

Type of manuscript: Article

Title: Quantification of Corn Adulteration in Wet and Dry Processed Peaberry
Ground Roasted Coffees by UV Spectroscopy and Chemometrics

Authors: Meinilwita Yulia, Diding Suhandy *

Received: 20 August 2021

E-mails: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id
Submitted to section: Analytical Chemistry,
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry

5th Anniversary of Analytical Chemistry Section&mdash;Recent Advances in
Analytical Chemistry
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry

We will publish your accepted paper in open access format immediately upon
receipt of the article processing charge (APC) and completion of the editing
process.

If you encounter any problems revising the invoice or cannot access the link,
please contact invoices@mdpi.com

Thank you very much for your support of open access publishing.

Kind regards,
MDPI Billing Team

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

Tel. +41 61 683 77 35; Fax +41 61 302 89 18
E-mail Accounting: billing@mdpi.com
http://www.mdpi.com/
https://www.mdpi.com/about/apc_faq

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity to
whom they are addressed. If you have received this message in error, please
notify me and delete this message from your system. You may not copy this
message in its entirety or in part, or disclose its contents to anyone.

E Invoice_MDPI_molecules-1368447_1600.00CHF.pdf
31K

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1712857351159887685&simpl=msg-f%3A171285735...

Wed, Oct 6, 2021 at 3:14 PM

12


https://susy.mdpi.com/user/manuscript/75b417cb70ed41830bb0f7966073deda/invoice/1306593
https://payment.mdpi.com/1306593
https://www.mdpi.com/about/payment
mailto:meinilwitayulia@polinela.ac.id
mailto:diding.sughandy@fp.unila.ac.id
https://www.mdpi.com/journal/molecules/sections/Analytical_Chemistry5th
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
mailto:invoices@mdpi.com
mailto:billing@mdpi.com
http://www.mdpi.com/
https://www.mdpi.com/about/apc_faq
https://mail.google.com/mail/u/0?ui=2&ik=8c5e4ff6f1&view=att&th=17c54aaf8ecd3745&attid=0.1&disp=attd&safe=1&zw

10/12/21, 9:35 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - APC Invoice

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1712857351159887685&simpl=msg-f%3A171285735... 2/2



10/12/21, 9:35 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447 - Payment Confirmation molecules-1368447

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447 - Payment Confirmation
molecules-1368447

MDPI Billing <billing@mdpi.com> Fri, Oct 8, 2021 at 11:16 PM
Reply-To: MDPI Billing <billing@mdpi.com>

To: Diding Suhandy <diding.sughandy@fp.unila.ac.id>

Cc: Gabriela Ledwojcik <ledwojcik@mdpi.com>, Billing Dept <billing@mdpi.com>, Molecules Editorial Office
<molecules@mdpi.com>

Dear Dr. Suhandy,

Many thanks for your support of open access publishing. Please find below the
APC payment confirmation for the following article:

Payment of Invoice: molecules-1368447
Amount Received: 1600.00 CHF
Date Received: 8 October 2021

Payer Information

Dr. Diding Suhandy

University of Lampung

JI. Prof. Dr. Soemantri Brojonegoro No.1 Bandar Lampung
35145 Bandar Lampung

Indonesia

For your convenience, the payment confirmation has been attached to this
message as a PDF.

Please feel free to contact us if you have any questions.

Kind regards,
MDPI Billing Team

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

Tel. +41 61 683 77 35; Fax +41 61 302 89 18
E-mail Accounting: billing@mdpi.com
http://www.mdpi.com/
https://www.mdpi.com/about/apc_faq

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity to
whom they are addressed. If you have received this message in error, please
notify me and delete this message from your system. You may not copy this
message in its entirety or in part, or disclose its contents to anyone.

ﬂ receipt_MDPI_molecules-1368447.pdf
26K

https://mail.google.com/mail/u/0?ik=8c5e4f6f1 &view=pt&search=all&permmsgid=msg-f%3A1713068898667931802&simpl=msg-f%3A17130688...  1/1


mailto:billing@mdpi.com
http://www.mdpi.com/
https://www.mdpi.com/about/apc_faq
https://mail.google.com/mail/u/0?ui=2&ik=8c5e4ff6f1&view=att&th=17c60b164cdf289a&attid=0.1&disp=attd&safe=1&zw

10/12/21, 9:36 AM

unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447; doi: 10.3390/molecules26206091. Paper has been publish...

M Gma i| DIDING SUHANDY <diding.sughandy@fp.unila.ac.id>

[Molecules] Manuscript ID: molecules-1368447; doi: 10.3390/molecules26206091.
Paper has been published.

molecules@mdpi.com <molecules@mdpi.com> Sat, Oct 9, 2021 at 3:05 PM
Reply-To: ledwojcik@mdpi.com, molecules@mdpi.com

To: meinilwitayulia@polinela.ac.id, diding.sughandy@fp.unila.ac.id

Cc: billing@mdpi.com, website@mdpi.com, molecules@mdpi.com, ledwojcik@mdpi.com

Dear Authors,

We are pleased to inform you that your article "Quantification of Corn
Adulteration in Wet and Dry-Processed Peaberry Ground Roasted Coffees by
UV-Vis Spectroscopy and Chemometrics" has been published in Molecules as
part of the Special Issue 5th Anniversary of Analytical Chemistry
Section—Recent Advances in Analytical Chemistry and is available online:

Abstract: https://www.mdpi.com/1420-3049/26/20/6091

PDF Version: https://www.mdpi.com/1420-3049/26/20/6091/pdf

The meta data of your article, the manuscript files and a publication
certificate are available here (only available to corresponding authors after

login):

https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda

Special Issue:

https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry

Please note that this is an early access version. The complete PDF, HTML, and
XML versions will be available soon. You can reply to this email or send an
email to production team (production@mdpi.com) if there is a problem. Note
that at this stage we will not accept further changes to the manuscript text.

To encourage open scientific discussions and increase the visibility of
published articles, MDPI recently implemented interactive commenting and
recommendation functionalities on all article webpages (side bar on the
right). We encourage you to forward the article link to your colleagues and

peers.

We encourage you to set up your profile at www.SciProfiles.com, MDPI’s
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as your other academic contributions.
Please also feel free to send us feedback on the platform that we can improve
it quickly and make it useful for scientific communities.

You can also share the paper on various social networks by clicking the links
on the article webpage. Alternatively, our Editorial Office can post an
announcement of your article on our Twitter channel, please send us a text of
up to 200 characters with spaces. Please note that our service Scitations.net
will automatically notify authors cited in your article. For further paper
promotion guidelines, please refer to the following link:
https://www.mdpi.com/authors/promoting.

We would be happy to keep you updated about new issue releases of molecules.
Please enter your e-mail address in the box at
https://www.mdpi.com/journal/molecules/toc-alert/ to receive notifications.

After issue release, a version of your paper including the issue cover will

be available to download from the article abstract page.

To order high quality reprints of your article in quantities of 25-1000,
visit: https://www.mdpi.com/1420-3049/26/20/6091/reprints

We support the multidisciplinary preprint platform /Preprints/, which
permanently archives full text documents and datasets of working papers in
all subject areas. Posting on the platform is entirely free of charge, and

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1713128600876431467 &simpl=msg-f%3A17131286... 1/2


https://www.mdpi.com/1420-3049/26/20/6091
https://www.mdpi.com/1420-3049/26/20/6091/pdf
https://susy.mdpi.com/user/manuscripts/review_info/75b417cb70ed41830bb0f7966073deda
https://www.mdpi.com/journal/molecules/special_issues/5th_Analytical_Chemistry
mailto:production@mdpi.com
http://www.sciprofiles.com/
https://www.mdpi.com/authors/promoting
https://www.mdpi.com/journal/molecules/toc-alert/
https://www.mdpi.com/1420-3049/26/20/6091/reprints

10/12/21, 9:36 AM unila.ac.id Mail - [Molecules] Manuscript ID: molecules-1368447; doi: 10.3390/molecules26206091. Paper has been publish...
full details can be viewed at http://www.preprints.org.

We are dedicated to providing an outstanding publishing service, and we

invite you to complete our author satisfaction survey
https://www.surveymonkey.com/r/authorfeedbackmdpi. The survey contains 20
short questions and will only take a couple of minutes to complete.

To help us improve our Production and English editing services, provided as

part of MDPI's editorial process, please take a few minutes to participate

in the following two surveys: https://www.surveymonkey.com/r/G3K9DZ8 (for
production service); https://www.surveymonkey.com/r/[DCNXBW?7 (for English
editing service).

Thank you for choosing Molecules to publish your work, we look forward to
receiving further contributions from your research group in the future.

Kind regards,

MDPI

Postfach, CH - 4020 Basel, Switzerland

Office: St. Alban-Anlage 66, 4052 Basel, Switzerland
Tel. +41 61 683 77 34

Fax: +41 61 302 89 18

E-mail: website@mdpi.com

https://www.mdpi.com/

https://mail.google.com/mail/u/0?ik=8c5e4ff6f1 &view=pt&search=all&permmsgid=msg-f%3A1713128600876431467&simpl=msg-f%3A17131286... 2/2


http://www.preprints.org/
https://www.surveymonkey.com/r/authorfeedbackmdpi
https://www.surveymonkey.com/r/G3K9DZ8
https://www.surveymonkey.com/r/DCNXBW7
mailto:website@mdpi.com
https://www.mdpi.com/

diding.sughandy@fp.unila.ac.id

“ (https://susy.mdpi.com)

Information (https://www.mdpi.com/guidelines)

vUser Menu ©

Home
(/user/myprofile)

My Profile (/user/edit) = Logout  Submit (/user;

Journals (https://www.mdpi.com/about/journals/)

Journal

Manuscript ID

Manage
Accounts
(/user/manage_accounts)

Change
Password
(/user/chgpwd)

Edit Profile
(/user/edit)

Logout
(/user/logout)

v Submissions
Menu (2]

Submit

Manuscript
(/'user/manuscripts/upload)
Display

Submitted

Manuscripts
(/'user/manuscripts/status)

English Editing

Type
Title

Authors

Abstract

(/user/pre_english_article/status)

Discount
Vouchers
(/user/discount_voucher)

Invoices
(/user/invoices)

LaTex Word
Count
(/user/get/latex_word_count)

Initiatives ~ About (https://www.mdpi.com/about/)

Molecules (https://www.mdpi.com/journal/molecules) (ISSN 1420-
3049)

molecules-1368447
Article

Quantification of Corn Adulteration in Wet and Dry Processed
Peaberry Ground Roasted Coffees by UV Spectroscopy and
Chemometrics

Meinilwita Yulia , Diding Suhandy *

In this present research, a spectroscopic method based on UV
spectroscopy was utilized to quantify the level of corn adulteration
in peaberry ground roasted coffee by chemometrics. Peaberry
coffee with two types of bean processing of wet and dry processed
methods was used and intentionally adulterated by corn with 10-
50% level of adulteration. UV spectral data was obtained for
aqueous samples in the range between 250 and 400 nm with a 1
nm interval. Three multivariate regression methods including partial
least squares regression (PLSR), multiple linear regression (MLR),
and principal component regression (PCR) were used to predict
the level of corn adulteration. The result showed that all individual
regression models using individual wet and dry samples are better
than that of global regression models using combined wet and dry
samples. The best calibration model for individual wet and dry and
combined samples were obtained for the PLSR model with a
coefficient of determination more than 0.70 and RMSE below 6%
(w/w) for both calibration and validation. However, the error
prediction in terms of RMSEP and bias were highly increased
when the individual regression model was used to predict the level
of corn adulteration with differences in the bean processing
method. The obtained results demonstrated that the use of the
global PLSR model is better in predicting the level of corn
adulteration. The error prediction for this global model was
acceptable with low RMSEP and bias for both individual and
combined prediction samples. The obtained RPDp and RERp in
prediction for the global PLSR model was more than 2 and 5 for
individual and combined samples, respectively. The proposed
method using UV spectroscopy with a global PLSR model can be
applied to quantify the level of corn adulteration in peaberry ground
roasted coffee with different bean processing methods.
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instance methods with asymmetric penalised least squares
usually perform better. Have you tried any of these?
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acceptable with low RMSEP and bias for both individual and
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The present manuscript presents a method for the quantification of corn adulteration in peaberry
ground roasted coffee that have been wet or dry processed. The work uses multivariate linear
regression methods to model and predict the amount of adulteration, and PLS has proved to be the
best method for both wet and dry processed samples.

The manuscript is very well written and is very clear throughout the text. However, even though
the premise is very interesting (to use a more affordable approach, such as UV spectroscopy, for
the detection of the adulteration), it carries some flaws that | believe are critical to the acceptance
of the results. Hence, | do not recommend its publication in the current form. In my opinion, the
main points are:

i) Major flaws in interpreting the spectra and the loadings information throughout the text. As
described in section 2.3., the data was pre-processed by smoothing, standardization, baseline
correction and differentiation. The last method is, indeed, much used for regression. The first
derivative of a spectrum will show how it varies, where the peaks are presented as zero (since it is
the local maxima), the regions where the original spectrum signal are increasing are presented as
positive values and the regions where the original spectrum signal are decreasing are presented as
negative values. Figure 2(a) and 2(b) clearly shows that the pre-processed data presents the first
derivative. The “peaks” in the pre-processed spectra (270, 290, 315 and 345 nm) are not peaks in
the raw spectra. Interpretations were made in sections 3.1. and 3.2., where these values were
treated, discussed, and compared to the literature. This should be closely looked by the authors, so
no misinterpretation remains. If comparisons should be made, it should take into consideration that
the data represents the first derivative.

i) Why was PCA only conducted with the adulterated samples? Was it important to separate the
wet from dry sample or to separate the pure from adulterated sample? I believe that the latter is the
most important one. As | will discuss in the next point, calibration was not good because the
variability between each replicate sample was very high. Take Figure 5 as an example. For
solutions with the same amount of adulteration, the model did not see them as equal, but as quite
different. Perhaps lack of reproduction is related to the variability of the beans? Is it related to any
of the process conducted? The fact is that the solutions that should represent the same thing does
not. That is what the regression error is so big. Not because it is not good, or invalid, but because
it is trying to model data that are not good. Perhaps the objective of the work shouldn’t be to
quantify (because it is not predicting anything, since the LOQ is even higher than the range
studied), but to classify the samples using multivariate methods. If the “pure” sample data were
added to the PCA, maybe PCs will be able to separate them from the adulterated ones. This could
be a tool to detect if it is the real peaberry coffee beans or not. PCA could even be refined to try to
separate the samples in groups (e.g., based on the amount of corn bean).

iii) The regression is not quantifying anything! As | mentioned in the point above, it is very difficult
to accept a model in which the LOQ is substantially higher than the maximum concentration value
used for the construction of the model. Your consideration that it needs a future improvement
would be reasonable, but only if your own model could be validated. The results show that you
would only be able to quantify adulterations over 70%. However, you never used any solutions
above this concentration. Your model for quantification was constructed entirely below the limit
that it says that it can quantify. When you compare your model to other methods in the literature



that present such small LOD, it seems that, even though the UV spectroscopy is more accessible,
it is not worth to substitute using another technique such as NMR or LIBS.

Minor points for authors to review:
i) The abstract says that Rz for PLSR is “more than 0.70”, but in fact is way more than that.

ii) Introduction can be improved to give a background to the reader regarding the corn beans as
adulterants. You only cite that “the adulteration is frequently happened in the form of ground
roasted coffee”. How important is the adulteration with corn beans? Is it relevant?

iii) The method is not clear regarding how you achieve 100 and 99 samples, when you describe
that it was prepared only the 10%, 20%, 30%, 40% and 50% concentrations. The reader can only
guess that all are replicates when looking at Figure 5. Why were this procedure chosen? Why not
use other concentrations?

iv) Page 3, line 124 says that 3 pre-processing methods were used, but 4 are described.
V) Page 4, lines 148 and 149 says that three samples were selected for the calibration set out of 5.
From what is show in Table 1, this is probably mistaken. I believe it should say that 4 out of 5 was

chosen as the calibration set.

vi) Page 8, lines 270-282 are unnecessary in my opinion. Comparing the behavior of adulterations
in honey, measured by ion mobility, shouldn’t be the same as in the system studied in this work.

vii) It is not clear to what variables were used for the MLR model. Which frequency was chosen
for that? Information should be provided.
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In this present research, a spectroscopic method based on UV
spectroscopy was utilized to quantify the level of corn
adulteration in peaberry ground roasted coffee by chemometrics.
Peaberry coffee with two types of bean processing of wet and
dry processed methods was used and intentionally adulterated
by corn with 10-50% level of adulteration. UV spectral data was
obtained for aqueous samples in the range between 250 and
400 nm with a 1 nm interval. Three multivariate regression
methods including partial least squares regression (PLSR),
multiple linear regression (MLR), and principal component
regression (PCR) were used to predict the level of corn
adulteration. The result showed that all individual regression
models using individual wet and dry samples are better than that
of global regression models using combined wet and dry
samples. The best calibration model for individual wet and dry
and combined samples were obtained for the PLSR model with a
coefficient of determination more than 0.70 and RMSE below 6%
(w/w) for both calibration and validation. However, the error
prediction in terms of RMSEP and bias were highly increased
when the individual regression model was used to predict the
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method. The obtained results demonstrated that the use of the
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adulteration. The error prediction for this global model was
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Abstract: In this present research, a spectroscopic method based on UV-Vis spectroscopy was uti-
lized to quantify the level of corn adulteration in peaberry ground roasted coffee by chemometrics.
Peaberry coffee with two types of bean processing of wet and dry processed methods was used and
intentionally adulterated by corn with 10-50% level of adulteration. UV-Vis spectral data was ob-
tained for aqueous samples in the range between 250 and 400 nm with a 1 nm interval. Three mul-
tivariate regression methods including partial least squares regression (PLSR), multiple linear re-
gression (MLR), and principal component regression (PCR) were used to predict the level of corn
adulteration. The result showed that all individual regression models using individual wet and dry
samples are better than that of global regression models using combined wet and dry samples. The
best calibration model for individual wet and dry and combined samples were obtained for the
PLSR model with a coefficient of determination in the range of mere-than-0.83~0.9370 and RMSE
below 6% (w/w) for_-beth-calibration and validation. However, the error prediction in terms of
RMSEP and bias were highly increased when the individual regression model was used to predict
the level of corn adulteration with differences in the bean processing method. The obtained results
demonstrated that the use of the global PLSR model is better in predicting the level of corn adulter-
ation. The error prediction for this global model was acceptable with low RMSEP and bias for both
individual and combined prediction samples. The obtained RPDp and RERjp in prediction for the
global PLSR model was more than 2 and 5 for individual and combined samples, respectively. The
proposed method using UV-Vis spectroscopy with a global PLSR model can be applied to quantify
the level of corn adulteration in peaberry ground roasted coffee with different bean processing
methods.

Keywords: UV-Vis spectroscopy; peaberry coffee; individual model; global model; dry bean pro-
cessing; wet bean processing; adulteration; authentication; partial least squares regression; multiple
linear regression

1. Introduction

Specialty coffee is a premium product and according to the Specialty Coffee Associ-
ation of Europe [1], “Specialty coffee is defined as a crafted quality coffee-based beverage,
which is judged by the consumer (in a limited marketplace at a given time) to have a
unique quality, a distinct taste and personality different from, and superior to, the com-
mon coffee beverages offered. The beverage is based on beans that have been grown in
an accurately defined area, and which meet the highest standards for green coffee and its
roasting, storage, and brewing.” In Indonesia, specialty coffee can be Coffea liberica, Coffea
arabica, or Coffea canephora. In the market, three types of commercially traded specialty
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coffee are available: single-origin coffees (including Gayo coffee, Kalosi coffee, Mandail-
ing coffee, Toraja coffee, Lampung coffee), digested animal coffees (including wild civet
coffee, feeding civet coffee, bat coffee) and peaberry coffee (a single bean/monocotyledon)
[2-3].

Nowadays, the growth of specialty coffee consumption is faster than that of the tra-
ditional one [2]. Mostly driven by economic motivation, food fraud both in terms of mis-
labeling and adulteration is now increasing and becoming a serious problem in specialty
coffee trading. For example, it was reported that 42% of commercial civet coffee was fake
or adulterated with normal non-civet coffee [4]. For peaberry specialty coffee, the adulter-
ation is frequently happened in the form of ground roasted coffee, since after roasting and
grinding, the discrimination of ground coffee made from peaberry and traditional (nor-
mal) coffee is almost impossible with the conventional methods [5-6]. For this reason,
several sensitive emerging analytical methods to quantify adulterants in coffee have been
developed in the past ten years: high-performance liquid chromatography (HPLC) [7], gas
chromatography-mass spectrometry (GC-MS) [8], electrospray ionization mass spectrom-
etry (ESI-MS) [9], and real-time polymerase chain reaction (RT-PCR) [10]. However, these
accurate methods are expensive in the instrumentation and required a highly trained per-
son.

Spectroscopic based method using different electromagnetic regions along with
chemometrics has been successfully applied for cereal adulteration quantification in
ground roasted coffee both in single and multiple adulterants using near-infrared (NIR),
ultraviolet-visible (UV-Vis), mid-infrared, Raman, nuclear magnetic resonance (NMR),
and laser-induced breakdown spectroscopy (LIBS) [11-16]. Most of these methods are less
expensive in the device and faster in sample preparation (little or no need for sample
preparation). Some previous works have incorporated the variation of postharvest treat-
ments in coffee samples such as differences in coffee roasting (light, medium, and dark)
in the developed calibration model [17-18]. However, in the aforementioned studies, no
reported works included the influence of other important postharvest factors especially
the bean processing method in the developed calibration models. Previously, Suhandy
and Yulia [19] showed a significant influence of differences in bean processing method
(dry, wet, and semi-dry) on the discrimination of Lampung robusta specialty ground
roasted coffee. For green bean coffee, Barrios-Rodriguez et al. [20] successfully demon-
strated the significant discrimination between the wet, dry and semi-dry of Coffea arabica
L. var. Colombia using infrared spectroscopy coupled with chemometrics.

In this study, corn was selected as an adulterant material due to its low cost and huge
availability in the Indonesian market. Additionally, corn is one of the most used diluents
in coffee adulteration as reported in several previous works [15-16, 21-23]. Therefore, in
this present research, we evaluated a spectroscopic method based on UV-Vis spectroscopy
and chemometrics to quantify the corn adulteration in coffee involving two common types
of bean processing of wet and dry--processed methods. In more specific, the objective of
this study is to investigate a robust calibration model using three different linear regres-
sion methods including PLSR, MLR, and PCR for quantification of the corn adulteration
in peaberry specialty coffee incorporated with different in-bean processing methods.

2. Materials and Methods

2.1. Peaberry samples and their adulteration

Green bean peaberry coffee samples with two types of bean processing method (wet
and dry with about 1 kg each) were obtained from a certified coffee supplier located in
Garut, West Java province, Indonesia. The peaberry green bean samples are specialty
grade from mixed cultivars of Coffea arabica L. and its hybrid (mostly Sigarar utang, Lini
S, Ateng super, Catimor, and Typica) harvested in the year 2019 and originated from Ciku-
ray, Papandayan, and Kamojang mountainous coffee plantation in Garut, West Java
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province, Indonesia (latitude and longitude coordinates 7°19'22.4"S and 107°51'37.9"E, re- 96
spectively; altitude, + 1,600 m). 97
Before roasting by portable roaster (at 200°C for 15 minutes), all beans were visually 98
inspected and showed no defective grains. After roasting, the unroasted and over-roasted 99
beans were removed carefully by hand. After grinding, particles of size 40 mesh (400 um) 100
were obtained, which were used to perform all physicochemical analyzes. 101
Corn with its low cost and huge availability in the Indonesian market was selected 102
as an adulterant. Corn samples were collected from a local farmer in Lampung province, 103
Indonesia. According to Sezer et al. [16] with modification, corn was roasted in two steps: 104
at 100°C for 7 minutes and followed by 200°C for 10 minutes, ground (Sayota home 105
grinder) and mechanically sieved through a U.S. mesh size 40 to obtain the same particle 106
size for all the samples (400 pm). The wet and dry processed peaberry ground roasted 107
coffees were intentionally adulterated with the ground roasted corn in the range of 10- 108
50% (w/w) with an increment of 10% (w/w). This adulteration range was chosen according 109
to several previous works [15-16]. It is also the most common adulteration level found in 110
the Indonesian markets [12]. 111
Total 199 samples (1 gram each) of adulterated peaberry dry and wet-processed cof- 112
fees were provided. It consists of 20 samples for each level of corn adulteration resulted 113
in a total of 100 samples for dry-processed peaberry coffees and 99 samples for wet-pro- 114
cessed peaberry coffees (19 samples were provided at a level of 40% for wet-processed 115
peaberry coffees). 116
ided: Figure 1 shows its visual appearance with 10-50% 117
of corn adulteration level before extraction with hot distilled water. The adulterated pea- 118
berry wet-processed samples are darker than that of peaberry dry ones. However, it is 119
visually difficult to discriminate between the different levels of adulteration in both wet 120

and dry adulterated peaberry samples. 121
10% 20% 30% 40% 50%
10% 20% 30% 40% 50%
122
Figure 1. The visual appearance of peaberry wet-processed (A) and dry-processed (B) coffee with 123
10-50% of corn adulteration. 124
2.2. Sample extraction and UV-Vis spectral data measurement 125

Coffee samples were extracted based on a standard procedure as reported by previ- 126
ous studies [5, 12]. Raw UV-Vis spectral data was obtained for aqueous samples in the 127
range between 250 and 400 nm with 1 nm interval using a UV-visible spectrometer 128
(Genesys™ 10S UV-Vis, Thermo Scientific, Waltham, MA, USA)_in .csv format. After 129
reformatting into .xls, the raw spectral data were imported to the Unscrambler X ver. 10.4 130
(CAMO Software AS, Oslo, Viken, Norway) for chemometrics analysis. 131

2.3. Chemometrics 132
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Since there is no standard protocol for spectral pre-processing, a trial and error ap-
proach were-was adopted. Different spectral pre-preprocessing is available in the Un-
scrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway) to reduce or to remove
the effect of several different unwanted interfering phenomena such as particle size influ-
ence (baseline different and light scattering), etc. As mentioned by Roger et al. [24] and
Bian et al. [25], it is hard to determine which pre-processing can successfully improve the
given original spectral data. For this reason, instead of selecting the best pre-processing,
to optimize the effect of spectral pre-processing, the combination of several spectral pre-
processing was often used [19]. To eliminate noise and systematic spectra variation, three
consecutive spectral pre-processing were found to be the best applied: moving averaging
smoothing with 5 segments (MAS), standard normal variate (SNV), and Savitzky-Golay
first derivative with 11 smoothing gaps; and second-order polynomial (SG1d). MAS was
widely used to smooth the spectral data before applying various pre-processing [26%].
SNV was effective to normalize spectra for canceling the scattering effect while SG1d was
used to correct the baseline effect [272-283]. Due to similarity in coffee species of both
samples of wet and dry-processed coffees, it was expected that the spectral difference in
peaberry coffee samples due to differences in the level of adulteration between wet and
dry-processed coffees was small. The SG1d spectral pre-processing was also used to en-
hance these small spectral differences [26].

PCA (principal component analysis), which is widely used in analytical chemistry
[18], was used to study any possible clustering of adulterated peaberry samples according
to the differences in bean processing methods. The plot of the score and its corresponding
x-loadings from the first two principal components (PCs) was presented for raw and pre-
processed spectra.

Among numerous multivariate linear regression methods for quantification of adul-
teration in coffee, the partial least squares regression (PLSR) is widely used. In this re-
search, we apply PLSR and compare it to other linear methods of multiple linear regres-
sion (MLR) and principal component regression (PCR) to quantify the level of corn adul-
teration. PLSR and PCR were developed using spectral data from 250 to 400 nm (number
of variables=161). In MLR, a selected few variables were obtained from a plot of x-load-
ings. Wavelengths that are associated with the positive and negative peaks {both-positive

i Hh-i ines-were used as input. All regression models were vali-
dated by the full cross-validation method to optimize the model parameters.

According to Costa et al. [294] and Macedo et al. [3025], the samples were manually
selected and separated into two sets: calibration and prediction set as presented in Table
1. The procedure of this separation of the samples was as follows: order the samples con-
cerning the corn adulteration level (from minimum to maximum values), then fourthree
samples were selected every five samples for the calibration and the rest for prediction.
By doing this, as seen in Table 1, a more uniform of the calibration and prediction sample
sets could be obtained.

Table 2 shows the statistical parameters used to assess the quality of the calibration
model and evaluate the performance of its prediction [3126-3227]. For model evaluation
the following statistical parameters were used including the coefficient of determination
of calibration and cross-validation (R% and R2), root means squared errors of calibration,
and cross-validation (RMSEC and RMSECV), and the ratio of prediction to deviation in
cross-validation (RPDev). Limit of detection (LOD) and limit of quantification (LOQ) were
also calculated according to Milani et al. [15] and Rambla-Alegre et al. [33].

In the prediction step, the performance of the regression model was evaluated using
the following statistical parameters: the coefficient of determination for prediction (R?%),
standard error of prediction (SEP), bias, root mean square error of prediction (RMSEP),
RPD and RER in prediction. The RPD is the ratio of the standard deviation of reference
data for the validation or prediction set to RMSECV or RMSEP and the RER is the ratio
between the difference of the maximum and minimum reference values for the data in the
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Table 1. Individual and global peaberry wet and dry processed samples with 10-50% of corn adul-

prediction set to RMSEP [3428]. Limnit-of detection{LOD)andlimitof quantification(E0Q)
cemmee e e e L oL R EAN -

teration in calibration and prediction sets. The range, mean and standard deviation were ex-

pressed in % (w/w).

Individual wet samples

Calibration set

Prediction set

Number of samples 83 16
Range 10-50 10-50
Mean 29.88 30.00
Standard deviation (SD) 14.36 14.14
Individual dry samples
Number of samples 84 16
Range 10-50 10-50
Mean 30.00 30.00
Standard deviation (SD) 14.31 14.14
Global samples
Number of samples 167 32
Range 10-50 10-50
Mean 29.94 30.00
Standard deviation (SD) 14.29 13.91

Table 2. Statistical parameters and their equations are used to assess the calibration model and its

prediction performance.

Steps Parameters Equations ! Accepted values
ibrati Ty — )2
Calibration R2cand R 1- 72:?10,1 J_/L)Z Close to 1
PG Al
RMSEC and S — 90)? .
RMSECY \/f As low as possible
RPDev SDey More than 2
RIVé SCV
LOD ?0 As low as possible
LOQ 12—0 As low as possible
Prediction S i
RMSEP YL (1 — 90)? As low as possible
n
SEP J(RMSEP)? — (bias)? As low as possible
bias (CZal)) Close to 0
RPD, SDprea More than 2
RMSEP
max R
RER _ More than 10
" g
Ymax — Ymin 106 More than 10Astew-as—
REREOCQ Jmax Tmin_
RMSEP S possible

! n :number of samples
y; :actual corn adulteration values

¥; : predicted corn adulteration values
¥; : mean of predicted corn adulteration values

186
187

188
189
190

191

192
193

194
195
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197
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¥; : mean of actual corn adulteration values

o : standard deviation of residual between actual and predicted corn adulteration values or
SECP

S : the slope of the regression line

2.4. Software

Chemometrics and spectral analysis were calculated using the Unscrambler X ver.
10.4 (CAMO Software AS, Oslo, Viken, Norway).

3. Results and Discussion

3.1. Spectral data of wet and dry peaberry coffees with different levels of corn adulteration

Figure 2 (a) shows the typical raw spectral data of adulterated peaberry wet and dry
coffees in the range between 250-400 nm. Our spectra were similar to the work reported
by Souto et al. [350]. The raw spectra are broad and overlap, hence it is hard to differentiate
between wet and dry adulterated peaberry. A better visualization was obtained using the
preprocessed spectra as seen in Figure 2 (b). In general, the intensity of absorbance in dry
adulterated peaberry coffees was higher than that of the wet one and it is in line with the
previously reported work [19].

Several positive and negative peaks were observed clearly in the pre-processed spec-
tral data (MAS+SNV+5G1d). The highest positive peak at 270 nm of pre-processed spectra
was closely related to the C=O chromophore in caffeine molecules as reported by some
previous works [356-364], indicating the significant difference of the caffeine content in
adulterated wet and dry peaberry coffees. The negative peaks at 290 and 345 nm of pre-
processed spectra was corresponding with the absorbance of chlorogenic acids—_(CGA)_of
raw UV-Vis spectra in previous work- [36%]. Navarra et al. [372] reported a wavelength
at 330 nm for the CGA absorbance when ethanol was used as the solvent. Dankowska et
al. [361] reported wavelength at 320 nm as one of the negative peaks found in the raw UV-
Vis spectral data of arabica and robusta coffee and its adulteration using water as solvent.
In this study, with water used as the solvent, the peak of CGA of pre-processed spectral
data was shifted to the longer wavelength at 345 nm. This shifting phenomenon was sup-
perted-also found by the previous work by Souto et al. [358], with water used as the sol-
vent, they found wavelength shifting of CGA from 320 nm to 325 nm in raw UV-Vis spec-

tral data.
" — Adulterated Peaberrv Wet Coffees v — Adultorated Peaberry Wot Coffecs
| — Adulterated Peaberry Dry Coffees = Adulterated Peaberry Dry Coffees

27 nm

290 nm

M5 m

() (b)

Figure 2. Spectral data of peaberry wet and dry-processed coffee with 10-50% of corn adulteration in the range between
250 and 400 nm: (a) Raw spectra; (b) Pre-processed spectra (MAS+SNV+SG1d).

3.2. PCA scores and loadings

Figure 32 (a) shows the scores of the first two principal components (PC1 and PC2)
of all coffee samples including wet and dry with 10-50% of corn adulteration using raw
spectral data in the range between 250 and 400 nm. Explained variance for the PC1 was
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obtained high (PC1=99%). However, in the term of PC1, good separation between the 236
adulterated peaberry wet and dry coffees could not be achieved. A better PCA score plot 237
was achieved using pre-processed spectral data in the range between 250 and 400 nm as 238
presented in Figure 32 (b). Along the PC1 with 94% explained variance, all of the adulter- 239
ated peaberry wet samples were plotted to the right of PC1 (PC1 positive). While most of 240
the adulterated peaberry dry samples were on the left of PC1 (PC1 negative). Figure 34 241
shows the loadings plot of PC1 and PC2 using pre-processed spectral data. This plot 242
shows the contribution of PC1 and PC2 to the separation of the adulterated peaberry wet 243
and dry samples. In PC1 and PC2, the positive peaks with positive loading were observed 244
at a wavelength of 267 and 345 nm. These wavelengths could be related to the absorbance 245
of chlorogenic acids and trigonelline content in arabica coffee (CGA) [3560], indicating that 246
the adulterated peaberry wet samples coffees contain high contents of these compounds. 247
This result was supported by previously reported work. Comparing to the semi-dry 248
method, Duarte et al. [338] reported that the wet coffees processed method showed higher 249
contents of CGA and trigonelline due to loss of other components with higher water sol- 250
ubility by lixiviation and thermal degradation during the wet processing. Three peaks 251
with negative loadings were observed at wavelengths of 278, 290, and 328 nm. These 252
wavelengths mainly contributed to discriminate against the adulterated peaberry dry cof- 253
fees. Souto et al. [350] reported the maxima electronic absorption of trigonelline at 275 nm, 254
caffeine at 280 nm, and caffeic acid at 325 nm_using raw UV-Vis spectra. However, the 255
adulterated peaberry dry coffees were mainly discriminated by the negative peak for PC1 256
at the wavelength of 278 nm, indicating that the adulterated peaberry dry samples coffees 257
contain high contents of caffeine. It was supported by previous work [394]. It was reported 258
that the caffeine content in dry processing coffees is higher since about 40% of caffeine is 259
removed with pulp during the wet processing [394]._ These positive and negative peaks 260
obtained from PCA x-loadings of pre-processed spectral data at 267, 278, 290, 305, 328, 261

and 345 nm were used as input variables for constructing the MLR model. 262
263
264
o Adulberated Pesberry Wet Coffees 0 Adulterated Peaberry Wet Coffors
© Adulterated Peaberry Dry Coffees © Adulterated Peaberry Dry Coffees
06
0.04
04
s, ©, ’
5 02 o o
o o Gy §E B,
a -
a ) o
o4 3 4500 A 8 o o _ 2% Japs
= AT o =
e g T
-0.02
04
-0.04
06
PC1 (99%) P 01
(a) (b)
Figure 3. Plot of the first two principal components by PCA in the range between 250 and 400 nm: (a) Raw spectra; (b) 265

Pre-processed spectra (MAS+SNV+5G1d). 266
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3.3. Model development for quantification of corn adulteration 272

The correlation between pre-processed UV-Vis spectral data and level of corn adul- 273
teration was quantified by developing three types of multivariate regression including 274
PLSR, MLR, and PCR using calibration sample set and validated with full-cross validation 275
method. Three types of models were developed according to the range of samples: indi- 276
vidual wet model, individual dry model, and global model. For individual wet and dry 277
models, the multivariate regression was developed using individual wet (n=83) and dry 278
(n=84) calibration samples, respectively. For the global model, the multivariate regression 279
was developed using a combined sample of wet and dry calibration samples (n=167). The 280
results are presented in Table 32. In general, all developed regression models had a suffi- 281
cient and acceptable number of latent variables (LVs) ranging from 4 to 9. It meets with 282
the number of LVs not exceed 15 as indicated by Bureau et al. [4035]. A small difference 283
between the RMSEC and RMSECV was also observed for the PLSR and PCR model indi- 284
cating the optimal number of LVs could be obtained [4035]. The best individual wet model 285
was obtained for the PLSR model using five LVs (explained 98% of the accumulated var- 286
iance of the spectrum data and 92% of the score data) with R2=0.93, R2%=0.89, 287
RMSEC=3.85% (w/w), and RMSECV= 4.80% (w/w). For dry samples, the best individual 288
dry model was also obtained for the PLSR model using six LVs (explained 97% of the 289
accumulated variance of the spectrum data and 94% of the score data) with less accuracy 290
than the individual wet model. However, both individual wet and dry models are ac- 291
ceptable with RPD higher than 2, indicating that PLS-DA models can be classified as 292
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excellent [4136]. In a previous study, Sezer et al. [16] reported a similar result for quanti-
fication of Coffee arabica adulteration with corn samples employing laser-induced break-
down spectroscopy (LIBS) and PLS regression with R?%=0.995, R%a=0.990, RMSEC=4.32%
(w/w), and RMSECV=4.84% (w/w) could be obtained. A better result was shown by Win-
kler-Moser et al. [17] for predicting corn adulteration using NIR spectroscopy with lower
error both in calibration and validation. They obtained PLS model with R%=0.979,
R2a1=0.974, RMSEC=1.05% (w/w), and RMSECV=1.17% (w/w).

It is noted that compared to the global model, all developed individual regression
models using individual wet and dry samples are better in accuracy with higher R? and
lower error (both in terms of RMSEC and RMSECV).

- The PLS
model was created to quantify both individual adulterant and global (combined) adulter-
ants. The result showed that the PLS model for the quantification of individual adulterants
was better than that of combined adulterants. According to Table 2, the PLSR model was
superior compared to other regression models for the individual wet, dry and global re-
gression model. The RPD in cross-validation was more than 2 in all PLSR regression mod-
els (RPD critical = 2.0 [31-432]). According to Kapper et al. [4238], all developed PLSR
models showed good accuracy with a high coefficient of determination between actual
and predicted corn adulteration (R2 > 0.70) both in calibration and validation.

Table 3. Model development results for adulteration quantification using partial least square regression (PLSR), multiple linear
regression (MLR), and principal component regression (PCR) with the individual and combinedglebal sample set using pre-pro-
cessed spectra (MAS+SNV+SG1d). The best model for each regression method is highlighted in bold. The RMSEC and RMSECV

were expressed in % (w/w).

Model Regression Method LVs R Ry  RMSEC RMSECV RPD«

iy PLSR 5 093  0.89 385 4.80 2.99
h’d“r’r‘l‘igj wet MLR 087 087 544 5.20 2.76
PCR 8 090 087 457 517 2.78

Individual dry PLSR 6 092 089  3.93 4.87 2.94
el MLR 084 084  6.00 5.75 2.49
PCR 9 090  0.88 446 5.05 2.83

PLSR 8 0.88  0.83  4.93 5.86 2.44

Global model MLR 063 063 887 8.68 1.65
PCR 9 072 069 752 8.02 1.78

Figure 5 shows plots of the best PLSR calibration model for individual wet, dry, and
combined calibration samples. Visually, it can be noticed that the residuals of calibration
were randomly scattered closely to the regression line (bias is close to 0) for individual
and combined calibration samples. The SEC and slope for individual calibration wet sam-
ples were 3.87% (w/w) and 0.93 resulting in the LOD and LOQ of 12.48% (w/w) and
41.61% (w/w), respectively. Similarly, the LOD and LOQ for individual calibration dr;
samples were 12.88% (w/w) and 42.93% (w/w). For combined calibration samples, the
LOD and LOQ were 16.84% (w/w) and 56.14% (w/w). Comparing to previous works, our
result was inferior. For example, Milani et al. [15] reported satisfactory LOD values of
0.31-0.86% using the NMR spectroscopy with a different roasting profile. Sezer eta 1. [16]
reported a quantitative approach using LIBS for coffee adulteration with different adul-
terants (corn, wheat, and chickpea) and resulted in a promising result with the LOD below
0.6% could be obtained. The obtained LOD and LOQ using UV-Vis spectroscopy in this
study were in the range of 12.48%~16.84% and 41.61%~56.14%. In this present study, a
calibration and validation regression model was developed using corn adulterated sam-
ples in the range of 10-50% (w/w). However, the obtained LOD and LOQ in this study

suggested we extend the range of corn adulteration up to more than 50%. For this reason
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it needs an improvement for practical application. However, in Indonesia, adulteration

more than 50% of specialty coffee is commonly found for economically motivated adul-
teration [12].

Predicted con adulteration (% wiw)

s
0021357

(a) (b) (<)

87
0880335
7187

10

0 3
Actual corn adulteration (% w/w)

50 @ 0 10

:n 0 @ 5 0 20 0 a 50
Actual corn adulteration (% wiw) Actual corn adulteration (% w/w)

Figure 5. Actual versus predicted values of corn adulteration (% w/w) in peaberry coffee samples for the best PLSR
model on (a) individual wet calibration samples (b) individual dry calibration samples (c) combined calibration samples.

3.4. Prediction using individual and global PLSR models

To evaluate the influence of bean processing on the performance of the developed
calibration model in prediction corn adulteration, the prediction was calculated on the
individual (n=16 for both individual wet and dry samples) and combined prediction sam-
ple set (n=32). The best individual and global PLSR models were used as input. The results
are presented in Table 43. The individual wet PLSR model resulted in high RPD
(RPDp=3.96) when it was used to predict corn adulteration in individual wet samples.
However, this model failed to predict corn adulteration in individual dry samples result-
ing in low RPDy (the RPD is less than 1). The error prediction in terms of RMSEP and bias
was highly increased. A similar result was found for prediction using the individual dry
PLSR model. The individual dry PLSR model showed a good prediction with RPDp=3.33
for prediction of dry samples and a failed prediction with RPDy=0.28 for prediction of wet
samples. The use of the global PLSR model is promising. The error prediction for this
global model was acceptable with low RMSEP and bias for both individual and combined
prediction samples. The RPD; was higher than 2 for both individual predictions of wet
and dry samples and combined samples. According to Chang et al. [43] and Valinger et
al. [44] models with RPD >2.0 are excellent descriptions and predictions of experimental
data. In terms of RER, the global PLSR with RER in the range of 3 to 10 for both individual
and combined prediction samples, which is classified as a good practical utility model
according to Jia et al. [4539].

Table 4. Prediction results for individual and combined prediction samples using the best individ-
ual and global PLSR models. The SEP, RMSEP, and bias were expressed in % (w/w).

Individual wet PLSR model SEP RMSEP Bias RPD, RERp
Wet prediction samples 3.64 3.57 0.56 3.96 11.20
Dry prediction samples 11.43 45.59 -44.22 0.31 0.88

Combined prediction samples 24.23 32.33 -21.83 0.43 1.24

Individual dry PLSR model SEP RMSEP  Bias RPD, RERp
Wet prediction samples 9.61 50.96 50.10 0.28 0.78
Dry prediction samples 4.36 4.24 0.36 3.33 9.43

Combined prediction samples 26.31 36.16 25.23 0.38 1.11
Global PLSR model SEP RMSEP  Bias RPD, RERp
Wet prediction samples 6.35 6.16 0.32 2.30 6.49

Dry prediction samples 5.48 5.38 0.94 2.63 7.43
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Combined prediction samples 5.84 5.78 0.63 2.41 6.92
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4. Conclusions 383

This research describes the use of UV-Vis spectroscopy along with chemometrics to 384
quantify the level of corn adulteration in peaberry specialty coffee with different bean 385
processing methods. The proposed UV-Vis spectroscopy and global PLSR model detected 386
an admixture of corn in the peaberry ground roasted coffee in the range 10% to 50% with 387
the LOD values of 12.48%~16.84% 20-93-23-15%-clould be reported for individual and 388
combined samples. The reliability of the global PLSR model was confirmed by external 389
validation using both individual (wet and dry) and combined prediction samples indicat- 390
ing the great potential of UV-Vis spectroscopy and chemometrics as a green and low-cost 391
analytical method for authentication of peaberry specialty ground roasted coffee incorpo- 392
rated with different in bean processing method. 393
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Response to Reviewer 1 Comments

The article is very interesting and well-written. Here are some minor comments:

Point 1: I have some concerns about using SG first derivative to correct for baseline.
This removes only constant trend. Is it the case for your UV-VIS spectra? There are
many better methods suitable for baseline removal, no matter what function it follows.
For instance, methods with asymmetric penalised least squares usually perform
better. Have you tried any of these?

Response 1:

No. In fact, the authors did not use asymmetric penalised least squares for baseline
removal. In this research, we combined three spectral pre-processing of moving
averaging smoothing with 5 segments (MAS), standard normal variate (SNV), and
Savitzky-Golay first derivative with 11 smoothing gaps and second-order polynomial
(5G1d). We have revised this part to better explain how we select the spectral pre-
processing.

Since there is no standard protocol for spectral pre-processing, a trial and error
approach were adopted. Different spectral pre-processing is available in the
Unscrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway) to reduce or to
remove the effect of several different unwanted interfering phenomena such as
particle size influence (baseline different and light scattering), etc. As mentioned by
Roger et al. (2020) and Bian et al. (2020), it is hard to determine which pre-processing
can successfully improve the given original spectral data. For this reason, instead of
selecting the best pre-processing, in order to optimize the effect of spectral pre-
processing, the combination of several spectral pre-processing was often used. In this
study, a selective combination pre-processing strategy was used by combining three
different spectral pre-processing of MAS, SNV and SG1d. This combination was done
sequentially, e.g. MAS followed by SNV and followed by SG1d.

Savitzky-Golay first derivative with a second-order polynomial and a window size of
11 points (SG1d) was used to cancel the baseline drifts and to enhance small spectral
differences (Shawky and Selim, 2019). Due to similarity in coffee species of both
samples of wet and dry-processed coffees, it was expected that the spectral difference
in peaberry coffee samples due to differences in level of adulteration between wet and
dry processed coffees was small. However, at the same time, as a consequence of
SG1d derivation, the noises were also enhanced. To avoid this, the spectra were first
smoothed using moving averaging smoothing pre-processing as recommended by
previous work (Shawky and Selim, 2019). Therefore, in this present study we utilized
three sequentially spectral pre-processing: MAS, SNV and SG1d (MAS+SNV+5G1d).



Our approach was previously used by Shawky and Selim (2019), Zhang et al. (2021)
and Suhandy and Yulia (2021).

References:

Bian, X.; Wang, K,; Tan, E.; Diwu, P.; Zhang, F.; Guo, Y. A selective ensemble
preprocessing strategy for near-infrared spectral quantitative analysis of complex
samples. ~ Chemom. Intell. ~Lab.  Syst. 2020, 197, 103916.  doi:
10.1016/j.chemolab.2019.103916.

Roger, J.; Biancolillo, A., Marini, F. Sequential preprocessing through
ORThogonalization (SPORT) and its application to near infrared spectroscopy.
Chemom. Intell. Lab. Syst. 2020, 199, 103975. doi: 10.1016/j.chemolab.2020.103975.

Shawky, E; Selim, D.A. NIR spectroscopy-multivariate analysis for discrimination and
bioactive compounds prediction of different Citrus species peels. Spectrochim. Acta A
Mol. Biomol. Spectrosc. 2019, 219, 1-7. doi: 10.1016/j.saa.2019.04.026.

Suhandy, D.; Yulia, M. Classification of Lampung robusta specialty coffee according
to differences in cherry processing methods using uv spectroscopy and chemometrics.
Agric. 2021, 11(2), 109. doi: 10.3390/agriculture11020109.

Zhang, Z.; Wang, Y.; Yan, H.; Chang, X.; Zhou, G.; Zhu, L.; Liu, P.; Guo, S.; Dong,
T.T.X.; Duan, J. Rapid geographical origin identification and quality assessment of
angelicae sinensis radix by FT-NIR spectroscopy. | Anal Methods Chem. 2021, 2021, 1-
12. doi: 10.1155/2021/8875876.

Revision in section 2.3 and line 133:

Original sentence:

Since there is no standard protocol for spectral pre-processing, a trial and error
approach were adopted. To eliminate noise and systematic spectra variation, three
consecutive spectral pre-processing were found to be the best applied: moving aver-
aging with 5 segments (MAS), standard normal variate (SNV), and Savitzky-Golay
tirst derivative with 11 smoothing gaps, and second-order polynomial (SG1d). MAS
was widely used to smooth the spectral data before applying various pre-processing
[21]. SNV was effective to normalize spectra for cancelling the scattering effect while
SG1d was used to correct the baseline effect [22-23].

Revised sentence:

Since there is no standard protocol for spectral pre-processing, a trial and error
approach was adopted. Different spectral pre-preprocessing is available in the Un-
scrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway) to reduce or to



remove the effect of several different unwanted interfering phenomena such as
particle size influence (baseline different and light scattering), etc. As mentioned by
Roger et al. [24] and Bian et al. [25], it is hard to determine which pre-processing can
successfully improve the given original spectral data. For this reason, instead of
selecting the best pre-processing, in order to optimize the effect of spectral pre-
processing, the combination of several spectral pre-processing was often used [19]. To
eliminate noise and systematic spectra variation, three consecutive spectral pre-
processing were found to be the best applied: moving averaging smoothing with 5
segments (MAS), standard normal variate (SNV), and Savitzky-Golay first derivative
with 11 smoothing gaps and second-order polynomial (5G1d). MAS was widely used
to smooth the spectral data before applying various pre-processing [26]. SNV was
effective to normalize spectra for cancelling the scattering effect while SG1d was used
to correct the baseline effect [27-28]. Due to similarity in coffee species of both samples
of wet and dry-processed coffees, it was expected that the spectral difference in
peaberry coffee samples due to differences in level of adulteration between wet and
dry processed coffees was small. The SG1d spectral pre-processing was also used to
enhance these small spectral differences [26].

The following references have been added in the revised article:

[24] Roger, J.; Biancolillo, A.; Marini, F. Sequential preprocessing through
ORThogonalization (SPORT) and its application to near infrared spectroscopy.
Chemom. Intell. Lab. Syst. 2020, 199, 103975.
https://d0i:10.1016/j.chemolab.2020.103975.

[25] Bian, X;; Wang, K.; Tan, E.; Diwu, P.; Zhang, F.; Guo, Y. A selective ensemble
preprocessing strategy for near-infrared spectral quantitative analysis of
complex samples. Chemom. Intell. Lab. Syst. 2020, 197, 103916. doi:
10.1016/j.chemolab.2019.103916.

Point 2: Line140: Should be "spectral” instead of "spectra".

Response 2:
Yes. The authors agree to revise this part. The word “spectra” has been replaced by
“spectral”.

Original sentence:
PLSR and PCR were developed using spectra data from 250 to 400 nm (number of
variables=161).

Revised sentence:
PLSR and PCR were developed using spectral data from 250 to 400 nm (number of
variables=161).



Point 3: Line 142: Which of the variables were then finally chosen for PCR? How high
loadings were considered, i.e. what threshold was the cut-off?

Response 3: Yes. The authors agree to revise this part.

As it was mentioned in the article, PLSR and PCR were developed using spectral data
from 250 to 400 nm (number of variables=161). There is no variable selection applied
for both PLSR and PCR method. The variable selection was applied for MLR, since for
MLR the number of variables must be less than the number of samples.

For variable selection in MLR, we agree to revise this part to avoid misinterpretation.
In MLR, a selected few variables were obtained from a plot of PCA x-loadings. The x-
loadings (XLs) in PCA played a crucial role in compressing data, improving modeling
efficiency, and reflecting the degree of correlation between several PCs and original
variables (Zhao et al., 2021). In this study, the x-loadings of the first 2 PCs were used
to identify the important variables.

There is no any threshold as a cut-off value for x-loadings values. Wavelengths that
are associated with the positive and negative peaks in the PCA x-loadings plot were
used as input. For this reason, based on Figure 4, six wavelengths were used as input
variables in MLR: 267, 278, 290, 305, 328 and 345 nm.

Reference:

Zhao, Y.; Fang, S.; Ye, Y.; Yu, K. Chemometric development using portable molecular
vibrational spectrometers for rapid evaluation of AVC (Valsa mali Miyabe et Yamada)
infection of apple trees. Vib. = Spectrosc. 2021, 114, 103231. doi:
10.1016/j.vibspec.2021.103231.

Revision section 2.3 and line 162:

Original sentences:

In MLR, a selected few variables were obtained from a plot of x-loadings. Wavelengths
that are associated with the peaks (both positive and negative) with high x-loadings
were used as input.

Revised sentences:

In MLR, a selected few variables were obtained from a plot of PCA x-loadings.
Wavelengths that are associated with the positive and negative peaks were used as
input.

Revision section 3.2 and line 255:

Original sentences:

It was reported that the caffeine content in dry processing coffees is higher since about
40% of caffeine is removed with pulp during the wet processing [36].



Revised sentence:

It was reported that the caffeine content in dry processing coffees is higher since about
40% of caffeine is removed with pulp during the wet processing [39]. These positive
and negative peaks obtained from PCA x-loadings of pre-processed spectral data at
267, 278, 290, 305, 328 and 345 nm were used as input variables for constructing the
MLR model.

Point 4: Line 207: Should be Figure 3a.

Response 4: Yes. The authors agree to revise this part. The word “Figure 2 (a)” has
been replaced by “Figure 3 (a)”.

Original sentence:

Figure 2 (a) shows the scores of the first two principal components (PC1 and PC2) of
all coffee samples including wet and dry with 10-50% of corn adulteration using raw
spectral data in the range between 250 and 400 nm.

Revised sentence:

Figure 3 (a) shows the scores of the first two principal components (PC1 and PC2) of
all coffee samples including wet and dry with 10-50% of corn adulteration using raw
spectral data in the range between 250 and 400 nm.

Point 5: How were the data prepared before PCA apart from preprocessing methods?

Response 5:

The spectral data from UV-vis spectrometer was obtained in .csv format. The spectral
data preparation before doing PCA and other multivariate analysis including
reformat spectral data into .xIs instead of .csv and then import the .xls spectral data
into the Unscrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway).

Revision section 2.2 line 127:

Original sentences:

Raw UV spectral data was obtained for aqueous samples in the range between 250
and 400 nm with 1 nm interval using a UV-visible spectrometer (Genesys™ 10S UV-
Vis, Thermo Scientific, Waltham, MA, USA).

Revised sentences:

Raw UV-Vis spectral data was obtained for aqueous samples in the range between 250
and 400 nm with 1 nm interval using a UV-visible spectrometer (Genesys™ 10S UV-
Vis, Thermo Scientific, Waltham, MA, USA) in .csv format. After reformatting into
xls, the raw spectral data were imported to the Unscrambler X ver. 10.4 (CAMO
Software AS, Oslo, Viken, Norway) for chemometrics analysis.



Point 6: Line 213: Should be Figure 3b.

Response 6:
Yes. The authors agree to revise this part. The word “Figure 2 (b)” has been replaced
by “Figure 3 (b)”.

Original sentence:

A better PCA score plot was achieved using pre-processed spectral data in the range
between 250 and 400 nm as presented in Figure 2 (b).

Revised sentence:

A better PCA score plot was achieved using pre-processed spectral data in the range
between 250 and 400 nm as presented in Figure 3 (b).

Point 7: Line 215: Should be Figure 4.
Response 7:
Yes. The authors agree to revise this part. The word “Figure 3” has been replaced by

“Figure 4”.

Original sentence:
Figure 3 shows the loadings plot of PC1 and PC2 using pre-processed spectral data.

Revised sentence:
Figure 4 shows the loadings plot of PC1 and PC2 using pre-processed spectral data.

Point 8: Line 251: Should be Table 3.
Response 8:
Yes. The authors agree to revise this part. The word “Table 2” has been replaced by

“Table 3”.

Original sentence:
The results are presented in Table 2.

Revised sentence:
The results are presented in Table 3.

Point 9: Line 292: Should be Table 4.

Response 9:



Yes. The authors agree to revise this part. The word “Table 3” has been replaced by
“Table 4”.

Original sentence:
The results are presented in Table 3.

Revised sentence:
The results are presented in Table 4.



Response to Reviewer 2 Comments

This manuscript reported corn adulteration in peaberry coffees by UV-Vis
spectroscopy. This work is helpful to establish a reliable, low-cost method in coffee
adulteration method. However, the overall scientific value of this work remains
incomplete. Some of the issues should be resolved.

Point 1: This work achieved quantification as their primary method towards
adulteration. However, classification using PCA scores and PLS-DA should be
evaluated when detecting fraud. Based on Figure 5 and Table 4, the overall PLSR for
quantification still yields high errors in the test sets, which may be the shortcoming as
UV-Vis is low-cost and imprecise. However, again, it should be justified the actual
classification between pure/adulterated coffee at the claimed LOD around 20% is
significant. Otherwise, this work provides few useful information for practical
application.

Response 1:

The main advantages of UV-vis spectroscopy are spectrometer in this region is
relatively low cost and it is available to most standard laboratories, a green technology
without chemical waste during sample extraction and simple in sample preparation.
However, a multivariate analysis is an obligation as a tandem for UV-Vis spectroscopy
due to large spectral data usually necessary to develop reliable results and various
overlaps in the spectral data. Recently, UV-Vis spectroscopy has been well reported
for the quantification of food fraud including coffee and honey (Suhandy and Yulia,
2021; Valinger et al., 2021).

The objective of this current research is to evaluate a spectroscopic method based on
UV spectroscopy and chemometrics to quantify the corn adulteration in coffee
involving two common types of bean processing of wet and dry-processed methods.
Using the same spectroscopic system, both qualitative and quantitative studies on
peaberry and civet or luwak coffee have been reported with the acceptable result
(Suhandy and Yulia, 2017a; Suhandy and Yulia, 2017b). UV-Vis spectral information
to be used for robust and simple discrimination of ground pure peaberry and ground
normal coffee samples from the same bean processing method. The two supervised
discrimination methods investigated, SIMCA and PLS-DA, provided satisfactory
classification rates, 100% for accuracy, sensitivity, and specificity (Suhandy and Yulia,
2017a). Using the developed PLS regression model, a prediction for quantification of
luwak content was calculated and resulted in satisfactory prediction performance



with high both RPD and RER values (RPD=6.11 and RER=17.86) in the prediction step
(Suhandy and Yulia, 2017b).

In this study, we justified the acceptance of the developed multivariate model by
using two parameters of RPD and RER. In UV spectroscopy, RPD and RER are also
used in the previous study to evaluate the acceptance of the developed model
(Valinger et al. 2021). According to Chang et al. (2001) and Valinger et al. (2021)
models with RPD<1.4 are considered non-reliable for prediction; models considered
as representative are for 1.4<RPD<2.0 and models with the RPD>2.0 are excellent for
description and prediction of experimental data. According to Jia et al. (2017), RER
less than 3 indicated that practical utility was little, from 3 to 10 indicated that the
model was good practical utility, and RER more than 10 indicated excellent accuracy.
Based on Table 4, the prediction result for samples with the same bean processing
method is acceptable for corn quantification with RPD more than 2 and RER more
than 7.

For example, in Table 4, the individual wet PLSR model was used to predict corn
adulteration in three types of prediction samples: wet, dry, and combined prediction
samples. The model is working well only for wet prediction samples (both calibration
and prediction samples are wet-processed peaberry coffee). The RPD is 3.96 and the
RER is 11.20. A similar result was obtained for the individual dry PLSR model. The
RPD of 3.33 and RER of 9.43 could be obtained. The individual dry PLSR model also
failed to quantify corn adulteration in wet and combined prediction samples.
However, our proposed method to develop a global PLSR model is promising. The
global PLSR model worked better with RPD more than 2 for wet, dry, and combined
prediction samples. The RER is also close to 7 (in the range of 3 to 10) for all prediction
samples. Using this consideration, our current research is important to show that
postharvest treatments such as bean processing highly affected the robustness of the
developed UV-Vis model for quantification of corn adulteration in peaberry coffee
with different bean processing methods. Our current research also successfully
demonstrated a promising method of using the global PLSR model which can handle
the effect of the different bean processing method in the developed PLSR model. This
global PLSR model may be useful for practical application to quantify corn
adulteration in peaberry coffee incorporated with different bean processing methods.
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Revision in section 3.4 line 345:

Original sentence:
The RPD; was higher than 2 for both individual predictions of wet and dry samples
and combined samples.

Revised sentences:

The RPDy was higher than 2 for both individual predictions of wet and dry samples
and combined samples. According to Chang et al. [43] and Valinger et al. [44] models
with RPD >2.0 are excellent description and prediction of experimental data.

Two references have been added in the revised article:

[43] Chang, C.-W.; Laird, D.A.; Mausbach, M. ].; Hurburgh, C.H. Near-Infrared
reflectance spectroscopy—principal components regression analyses of soil properties.
Soil Sci. Soc. Am. J. 2001, 65, 480—490. doi: 10.2136/sssaj2001.652480x.

[44] Valinger, D.; Longin, L.; Grbes, F.; Benkovic, M.; Jurina, T.; Kljusuric, J.G.; Tusek,
A.]. Detection of honey adulteration — The potential of UV-VIS and NIR spectroscopy
coupled with multivariate analysis. LWT. 2021, 145, 111316. doi:
10.1016/j.1wt.2021.111316.



The calculation of LOD and LOQ obtained in this study should be revised. According
to Milani et al. (2020) and Rambla-Alegre et al. (2012), the LOD and LOQ should be
calculated based on calibration curve, not prediction curve. For this reason, we revised
Figure 5 and recalculate the LOD and LOQ. The obtained LOD and LOQ using UV-
Vis spectroscopy in this study were in the range of 12.48%~16.84% and
41.61%~56.14%. In this present study, a calibration and validation regression model
were developed using corn adulterated samples in the range of 10-50% (w/w).
However, the obtained LOD and LOQ in this study suggested we extend the range of
corn adulteration up to more than 50%. For this reason, it needs an improvement for
practical application. However, in Indonesia, adulteration more than 50% of specialty
coffee is commonly found for economically motivated adulteration (Suhandy and
Yulia, 2021).

Revision in section 3.3 and 3.4

Figure 5 and its explanation has been replaced from section 3.4 to section 3.3 in the
revised article.

Figure 5 has been revised.

Original sentences:

Figure 5 shows plots of prediction for individual and combined prediction samples
predicted using the global PLSR model. Visually, it can be noticed that the residuals
of prediction were randomly scattered closely to the regression line (bias is close to 0)
for individual and combined prediction samples. The SEP and slope for individual
prediction wet samples were 6.35% (w/w) and 0.91 resulting in the LOD and LOQ of
20.93% (w/w) and 69.78% (w/w), respectively. Similarly, the LOD and LOQ for
individual prediction dry samples were 23.15% (w/w) and 77.18% (w/w). For
combined prediction samples, the LOD and LOQ were 21.63% (w/w) and 72.10%
(w/w). Comparing to previous works, our result was inferior. For example, Milani et
al. [15] reported satisfactory LOD values of 0.31-0.86% using the NMR spectroscopy
with a different roasting profile. Sezer eta 1. [16] reported a quantitative approach
using LIBS for coffee adulteration with different adulterants (corn, wheat, and
chickpea) and resulted in a promising result with the LOD below 0.6% could be
obtained. The obtained LOD and LOQ using UV spectroscopy in this study were in
the range of 20.93%~23.15% and 69.78%~72.10%. For this reason, it needs an
improvement for practical application. However, in Indonesia, adulteration more
than 50% of specialty coffee is commonly found for economically motivated
adulteration [12].

Revised sentences:
Figure 5 shows plots of the best PLSR calibration model for individual wet, dry and
combined calibration samples. Visually, it can be noticed that the residuals of



calibration were randomly scattered closely to the regression line (bias is close to 0)
for individual and combined calibration samples. The SEC and slope for individual
calibration wet samples were 3.87% (w/w) and 0.93 resulting in the LOD and LOQ of
12.48% (w/w) and 41.61% (w/w), respectively. Similarly, the LOD and LOQ for
individual calibration dry samples were 12.88% (w/w) and 42.93% (w/w). For
combined calibration samples, the LOD and LOQ were 16.84% (w/w) and 56.14%
(w/w). Comparing to previous works, our result was inferior. For example, Milani et
al. [15] reported satisfactory LOD values of 0.31-0.86% using the NMR spectroscopy
with a different roasting profile. Sezer eta 1. [16] reported a quantitative approach
using LIBS for coffee adulteration with different adulterants (corn, wheat, and
chickpea) and resulted in a promising result with the LOD below 0.6% could be
obtained. The obtained LOD and LOQ using UV-Vis spectroscopy in this study were
in the range of 12.48%~16.84% and 41.61%~56.14%. In this present study, a calibration
and validation regression model were developed using corn adulterated samples in
the range of 10-50% (w/w). However, the obtained LOD and LOQ in this study
suggested we extend the range of corn adulteration up to more than 50%. For this
reason, it needs an improvement for practical application. However, in Indonesia,
adulteration more than 50% of specialty coffee is commonly found for economically
motivated adulteration [12].

Point 2: Although this work focused on UV frequency range, most UV spectroscopy
also extends to the Visible region. Additionally, the visual appearance for adulteration
is different enough in own observation. The author should refer UV as UV-Vis all
along the manuscript. Also, the full UV-vis range should be inspected for modelling,
at least solid reasons should be given why the visible range is not considered, along
with the data.

Response 2:

Yes. The authors agree to revise this part.

Gad et al. (2013) analyzed UV spectroscopy in the range 200-400 nm for quality control
of thyme. In contrast, Souto et al. (2015) utilized UV-Vis spectra in the range of 239-
405 nm. Souto et al. (2010) performed a UV-Vis spectral measurement in the range of
225-353 nm with a 1 nm interval. In this present research, we acquired spectral data in
the range between 250 and 400 nm with a 1 nm interval. For this reason, the authors
agree to refer UV as UV-Vis all along with the manuscript.

The authors agree that the visual appearance for adulteration is different enough in
own observation as seen in Figure 1 in this current research. The adulterated peaberry
wet-processed samples are darker than that of peaberry dry ones. However, it is
visually difficult to discriminate between the different levels of adulteration in both
wet and dry-processed adulterated peaberry samples. In this UV-Vis spectroscopy,
the spectral acquisition was done in aqueous samples. After extraction protocol



including dilution with hot distilled water, all samples were similar in color as we can
see in the following Figure I.

Extracted coffee aqueous samples Diluted coffee aqueous samples
Figure I. Visual appearance of peaberry coffee samples after extraction and dilution.

In this present study, we used a UV-Vis spectrometer with the possible range for
spectral acquisition from 190 to 1100 nm (default range). In previous research, using
the same system, the authors reported peaberry and civet or luwak coffee
authentication with the full spectral acquisition from 190 to 700 nm (from UV to full
visible light region) (Suhandy and Yulia, 2017a; Suhandy and Yulia, 2017b). The
typical feature of original or raw UV spectral data is highly noisy with very high
absorbance (more than 2) especially in the interval of 190-250 nm (high-frequency
noise). This raw spectral data is rich in unrelated information such as background
information and systematic noise coming from the influences of light scattering,
differences in path length, sample particle size, and other factors. Similar results were
reported for UV spectral data of ground roasted coffee from Brazil (Souto et al., 2010)
and ground roasted coffee from Indonesia (Suhandy and Yulia, 2017a; Suhandy and
Yulia, 2017b) with absorbance intensity of more than 2. Dankowska et al. (2017) also
reported UV-Vis absorption spectra of aqueous extracts of the genuine Arabica and
Robusta coffee samples and their mixtures in the range 190-700 nm. Diniz et al. (2016)
obtained absorbance spectra of the simple tea infusions in the range of 190-800 nm
with a very high absorbance of more than 2 was observed in the range of 190-240 nm.
The typical raw UV-Vis spectra also have very low absorbance intensity in visible light
(from 400 to 700 nm). The final model for constructing qualitative and quantitative
analysis was developed using a selected wavelength instead of using a full spectrum.
For example, Suhandy and Yulia (2017a) utilized spectral data in the range of 190-400
nm instead of using the full region 190-700 nm. Suhandy and Yulia (2017b) used
original and pre-processing spectra in the range 200-450 nm for the determination of
luwak content using PLS regression. Based on these previously reported studies, in
this present research, we acquire UV-Vis spectral data from 250 to 400 nm. In our
opinion, this selected region acquisition is more effective with rich in information and
faster in spectral acquisition comparing to that of full-spectrum acquisition



Herewith the authors would like to show visually several reported UV-Vis spectral
data showing a relatively high absorbance (more than 2) in the interval of 190-250 nm
and very low absorbance (close to zero) in the interval of 400-700 nm.

Absorbance
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Fig. 1. UV-Vis spectra of the 175 coffee samples.

UV-Vis spectral data from Souto et al. (2010).
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Figure 1. Original spectra of peaberry and normal coffee samples in ultraviolet-visible region (190-700 nm).

UV-Vis spectral data from Suhandy and Yulia (2017a).
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F1GURE 1: Original spectra of unadulterated and adulterated coffee
samples in the UV-Vis region.

UV-Vis spectral data from Suhandy and Yulia (2017b).
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Fig. 2. UV-Vis spectra of Coffea arabica, Coffea robusta, and their mixtures (diluted
1:120 v/v in water) (A - Coffea arabica, R - Coffea robusta, M - mixtures of Coffea
arabica and Coffea robusta).

UV-Vis spectral data from Dankowska et al. (2017).
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Fig. 1. (a) Raw UV-Vis spectra of all studied tea samples. (b) Mean spectra of the five studied tea classes. Argentinean green (ArG, mmmm), Brazilian green (BrG, sm),
Argentinean black (ArB, wmmm), Brazilian black (BrB, sssm), and Sri Lankan black (SKB, wes).

UV-vis spectral data of tea samples from Diniz et al. (2016).
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Response to Reviewer 3 Comments

The present manuscript presents a method for the quantification of corn adulteration
in peaberry ground roasted coffee that have been wet or dry processed. The work uses
multivariate linear regression methods to model and predict the amount of
adulteration, and PLS has proved to be the best method for both wet and dry
processed samples.

The manuscript is very well written and is very clear throughout the text. However,
even though the premise is very interesting (to use a more affordable approach, such
as UV spectroscopy, for the detection of the adulteration), it carries some flaws that I
believe are critical to the acceptance of the results. Hence, I do not recommend its
publication in the current form. In my opinion, the main points are:

Point 1: Major flaws in interpreting the spectra and the loadings information
throughout the text. As described in section 2.3., the data was pre-processed by
smoothing, standardization, baseline correction and differentiation. The last method
is, indeed, much used for regression. The first derivative of a spectrum will show how
it varies, where the peaks are presented as zero (since it is the local maxima), the
regions where the original spectrum signal are increasing are presented as positive
values and the regions where the original spectrum signal are decreasing are
presented as negative values. Figure 2(a) and 2(b) clearly shows that the pre-processed
data presents the first derivative. The “peaks” in the pre-processed spectra (270, 290,
315 and 345 nm) are not peaks in the raw spectra. Interpretations were made in
sections 3.1. and 3.2., where these values were treated, discussed, and compared to the
literature. This should be closely looked by the authors, so no misinterpretation
remains. If comparisons should be made, it should take into consideration that the
data represents the first derivative.

Response 1: The authors agree to revise this part.

In this research, we combined 3 spectral pre-processing of moving averaging
smoothing with 5 segments (MAS), standard normal variate (SNV), and Savitzky-
Golay first derivative with 11 smoothing gaps and second-order polynomial (5G1d).

The typical feature of original or raw UV-Vis spectral data obtained in several
previous studies is highly noisy with very high absorbance (more than 2) especially
in the interval of 190-250 nm (high-frequency noise). That is why in this current study
we started the spectral acquisition from 250 nm. Another feature of UV spectral data
is a broad spectrum with highly correlated and overlapped data. For this reason,
spectral pre-processing is necessary before applying further analysis of PCA or PLS



regression as demonstrated by several previous works (Suhandy and Yulia, 2021a;
Suhandy and Yulia, 2021b). In this study as we can see in Figure 2 (a) that the raw UV-
Vis spectra are broad and overlap, hence it is hard to differentiate between wet and
dry-processed adulterated peaberry. However, in Figure 2 (a) several broad peaks
could be identified around 260, 275, 305, and 325 nm. In Figure 2(b) the pre-processed
spectral data is looked better with clear peaks and no overlapping between wet and
dry-processed adulterated peaberry coffees. The authors agree that the peaks we
obtained in the pre-processed spectral data (270, 290, 315, and 345 nm) are not peaks
in the raw UV-Vis spectra. For this reason, the authors agree that the comparison of
the peaks obtained in this study with previously published works should be clarified
at first derivative spectral data. Therefore, the authors agree to revise the discussion
in section 3.1.
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Revision in section 3.1 line 212:

Original sentences:

Several positive and negative peaks were observed clearly in the pre-processed
spectral data. The highest positive peak at 270 nm was closely related to the C=O
chromophore in caffeine molecules as reported by some previous works [30-31],
indicating the significant difference of the caffeine content in adulterated wet and dry
peaberry coffees. The negative peaks at 290 and 345 nm was corresponding with the
absorbance of chlorogenic acids (CGA) [31]. Navarra et al. [32] reported a wavelength
at 330 nm for the CGA absorbance when ethanol was used as the solvent. Dankowska
et al. [31] reported wavelength at 320 nm as one of the negative peaks found in the
spectral data of arabica and robusta coffee and its adulteration using water as solvent.
In this study, with water used as the solvent, the peak of CGA was shifted to the longer
wavelength at 345 nm. This shifting phenomenon was supported by the previous
work by Souto et al. [30], with water used as the solvent, they found wavelength
shifting of CGA from 320 nm to 325 nm.

Revised sentences:
Several positive and negative peaks were observed clearly in the pre-processed
spectral data (MAS+SNV+5G1d). The highest positive peak at 270 nm of pre-processed



spectra was closely related to the C=O chromophore in caffeine molecules as reported
by some previous works [35-36], indicating the significant difference of the caffeine
content in adulterated wet and dry peaberry coffees. The negative peaks at 290 and
345 nm of pre-processed spectra was corresponding with the absorbance of
chlorogenic acids (CGA) of raw UV-Vis spectra in previous work [36]. Navarra et al.
[37] reported a wavelength at 330 nm for the CGA absorbance when ethanol was used
as the solvent. Dankowska et al. [36] reported wavelength at 320 nm as one of the
negative peaks found in the raw UV-Vis spectral data of arabica and robusta coffee
and its adulteration using water as solvent. In this study, with water used as the
solvent, the peak of CGA of pre-processed spectral data was shifted to the longer
wavelength at 345 nm. This shifting phenomenon was also found by the previous
work by Souto et al. [35], with water used as the solvent, they found wavelength
shifting of CGA from 320 nm to 325 nm in raw UV-Vis spectral data.

Section 3.2 is about PCA and its plots. There are two PCA plots in section 3.2: score
and x-loadings plot. The x-loadings (XLs) in PCA played a crucial role in compressing
data, improving modeling efficiency, and reflecting the degree of correlation between
several PCs and original variables (Zhao et al., 2021). In this study, the x-loadings of
the first 2 PCs were used to identify the important variables. Based on Figure 4, six
wavelengths were identified as important variables: 267, 278, 290, 305, 328, and 345
nm. These wavelengths have a significant contribution to the separation between the
adulterated peaberry wet and dry coffees. In this section, we discussed the possible
reason why those wavelengths are important. However, to avoid misinterpretation
the authors agree to revise this part.

Revision section 3.2 line 250:

Original sentences:

Souto et al. [30] reported the maxima electronic absorption of trigonelline at 275 nm,
caffeine at 280 nm, and caffeic acid at 325 nm. However, the adulterated peaberry dry
cotffees were mainly discriminated by the negative peak for PC1 at the wavelength of
278 nm, indicating that the adulterated peaberry dry samples coffees contain high
contents of caffeine. It was supported by previous work [34]. It was reported that the
caffeine content in dry processing coffees is higher since about 40% of caffeine is
removed with pulp during the wet processing [34].

Revised sentences:

Souto et al. [35] reported the maxima electronic absorption of trigonelline at 275 nm,
caffeine at 280 nm, and caffeic acid at 325 nm using raw UV-Vis spectra. However, the
adulterated peaberry dry coffees were mainly discriminated by the negative peak for
PC1 at the wavelength of 278 nm, indicating that the adulterated peaberry dry
samples coffees contain high contents of caffeine. It was supported by previous work



[39]. It was reported that the caffeine content in dry processing coffees is higher since
about 40% of caffeine is removed with pulp during the wet processing [39]. These
positive and negative peaks obtained from PCA x-loadings of pre-processed spectral
data at 267, 278, 290, 305, 328, and 345 nm were used as input variables for
constructing the MLR model.

Point 2: Why was PCA only conducted with the adulterated samples? Was it
important to separate the wet from dry sample or to separate the pure from
adulterated sample? I believe that the latter is the most important one. As I will discuss
in the next point, calibration was not good because the variability between each
replicate sample was very high. Take Figure 5 as an example. For solutions with the
same amount of adulteration, the model did not see them as equal, but as quite
different. Perhaps lack of reproduction is related to the variability of the beans? Is it
related to any of the process conducted? The fact is that the solutions that should
represent the same thing does not. That is what the regression error is so big. Not
because it is not good, or invalid, but because it is trying to model data that are not
good. Perhaps the objective of the work shouldn’t be to quantify (because it is not
predicting anything, since the LOQ is even higher than the range studied), but to
classify the samples using multivariate methods. If the “pure” sample data were
added to the PCA, maybe PCs will be able to separate them from the adulterated ones.
This could be a tool to detect if it is the real peaberry coffee beans or not. PCA could
even be refined to try to separate the samples in groups (e.g., based on the amount of
corn bean).

Response 2:

The authors agree that both issues are important. Several previous works reported
both qualitative and quantitative studies on ground roasted coffee adulteration
(Suhandy and Yulia, 2021a; Suhandy and Yulia 2021b). Qualitatively, it is important
to discriminate between pure and adulterated coffees (Suhandy and Yulia, 2021a).
Using the same system, Suhandy and Yulia (20121a) reported the possible application
of UV spectroscopy and chemometrics method for ground roasted Kalosi coffee
authentication both in qualitative (classify the samples into a low, middle, and a high
degree of adulteration) and quantitative studies (quantify the percentage of
adulteration in Kalosi ground roasted coffee) with acceptable results.

Based on our previous work using the same spectroscopic system (as seen below), UV-
Vis spectroscopy with PCA can separate between the pure and adulterated coffee
samples.
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Fig. 6. PCA score plot of Kalosi coffee samples with
different percentages of adulteration calculated
using pre-processed spectra in the range of 200-400 nm.

UV-Vis spectroscopy and PCA could be effectively discriminate the pure (0%
adulteration) from its adulterated Kalosi arabica coffee samples (Suhandy and Yulia,
2021a).
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Figure 3. Scores plot of PC1, PC2 and PC3 from PCA analysis in the interval of 230-350 nm of

combined pre-treated spectral data.

UV-Vis spectroscopy and PCA were used to separate between the pure wet, dry,
semi-dry, and adulterated Lampung robusta coffee (Suhandy and Yulia, 2021b).

However, in the aforementioned studies, no reported works included the influence of
other important postharvest factors especially the bean processing method in the
developed calibration models. Therefore, in this present research, we evaluated a
spectroscopic method based on UV-Vis spectroscopy and chemometrics to quantify
the corn adulteration in coffee involving two common types of bean processing of wet
and dry-processed methods. From this point, the authors decide to keep the



originality of the present research to investigate a robust calibration model using three
different linear regression methods including PLSR, MLR, and PCR for quantification
of the corn adulteration in peaberry specialty coffee incorporated with different bean
processing methods. For this reason, in this current research, the use of PCA to
separate the wet from dry-processed peaberry sample is more important.

Figure 5 has been revised. The authors agree that one possible reason for the high
regression error in Figure 5 is the influence of different bean processing methods (high
variability of the beans). Figure 5 is the result of the calibration using the best wet, dry
and global PLSR model. The higher regression error was identified for the global PLSR
calibration model. The global PLSR model was developed using combined samples
from wet and dry-processed peaberry coffees. As it can be seen in Table 4, the RPD
and RER are becoming lower indicating the influence of different bean processing
methods on prediction performance is significant. This is one important finding of this
present research. Additionally, the proposed global PLSR model used in this study
can improve the prediction performance (with acceptable RPD and RER values)
indicating another important finding of this analytical method to handle the influence
of different bean processing methods.

References:

Suhandy, D.; Yulia, M. The use of ultraviolet (uv) spectroscopy and chemometrics to
quantify the percentages of adulteration in Kalosi ground roasted specialty coffee. J.
Eng. Sci. Technol. 2021a, 16, 350-364.

Suhandy, D.; Yulia, M. Classification of Lampung robusta specialty coffee according
to differences in cherry processing methods using uv spectroscopy and chemometrics.
Agric. 2021b, 11(2), 109. doi: 10.3390/agriculture11020109.

Point 3: A The regression is not quantifying anything! As I mentioned in the point
above, it is very difficult to accept a model in which the LOQ is substantially higher
than the maximum concentration value used for the construction of the model. Your
consideration that it needs a future improvement would be reasonable, but only if
your own model could be validated. The results show that you would only be able to
quantify adulterations over 70%. However, you never used any solutions above this
concentration. Your model for quantification was constructed entirely below the limit
that it says that it can quantify. When you compare your model to other methods in
the literature that present such small LOD, it seems that, even though the UV
spectroscopy is more accessible, it is not worth to substitute using another technique
such as NMR or LIBS.

Response 3: Yes. The authors agree to revise this part.



At first, in this study, we justified the acceptance of the developed regression model
by using two parameters of RPD and RER. In UV-Vis spectroscopy and other
spectroscopic methods, RPD and RER are also frequently used in the previous study
to evaluate the acceptance of the developed calibration model (Valinger et al. 2021).
According to Chang et al. (2001) and Valinger et al. (2021) models with RPD<1.4 are
considered non-reliable for prediction; models considered as representative are for
1.4<RPD<2.0 and models with the RPD>2.0 are excellent for description and prediction
of experimental data. According to Jia et al. (2017), RER less than 3 indicated that
practical utility was little, from 3 to 10 indicated that the model was good practical
utility, and RER more than 10 indicated excellent accuracy. Based on Table 4, the
prediction result for samples with the same bean processing method is acceptable for
corn quantification with RPD more than 2 and RER more than 7.

For example, in Table 4, the individual wet PLSR model was used to predict corn
adulteration in three types of prediction samples: wet, dry, and combined prediction
samples. The model is working well only for wet prediction samples (both calibration
and prediction samples are wet-processed peaberry coffee). The RPD is 3.96 and the
RER is 11.20. A similar result was obtained for the individual dry PLSR model. The
RPD of 3.33 and RER of 9.43 could be obtained. The individual dry PLSR model also
failed to quantify corn adulteration in wet and combined prediction samples.
However, our proposed method to develop a global PLSR model is promising. The
global PLSR model worked better with RPD more than 2 for wet, dry, and combined
prediction samples. The RER is also close to 7 (in the range of 3 to 10) for all prediction
samples. Using this consideration, our current research is important to show that
postharvest treatments such as bean processing highly affected the robustness of the
developed UV-Vis model for quantification of corn adulteration in peaberry coffee
with different bean processing methods. Our current research also successfully
demonstrated a promising method of using the global PLSR model which can handle
the effect of the different bean processing methods in the developed PLSR model. This
global PLSR model with improvement may be useful for practical application to
quantify corn adulteration in peaberry coffee incorporated with different bean
processing methods.

The calculation of LOD and LOQ obtained in this study should be revised. According
to Milani et al. (2020) and Rambla-Alegre et al. (2012), the LOD and LOQ should be
calculated based on calibration curve, not prediction curve. For this reason, we revised
Figure 5 and recalculate the LOD and LOQ. The obtained LOD and LOQ using UV-
Vis spectroscopy in this study were in the range of 12.48%~16.84% and
41.61%~56.14%. In this present study, a calibration and validation regression model
were developed using corn adulterated samples in the range of 10-50% (w/w).
However, the obtained LOD and LOQ in this study suggested we extend the range of
corn adulteration up to more than 50%. For this reason, it needs an improvement for
practical application. However, in Indonesia, adulteration more than 50% of specialty



coffee is commonly found for economically motivated adulteration (Suhandy and
Yulia, 2021).
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Valinger, D.; Longin, L.; Grbes, F.; Benkovic, M.; Jurina, T.; Kljusuric, ]J.G.; Tusek, A.].
Detection of honey adulteration — The potential of UV-VIS and NIR spectroscopy
coupled with multivariate analysis. LWT. 2021, 145, 111316. doi:
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Revision in section 3.4 line 345:

Original sentence:
The RPDy was higher than 2 for both individual predictions of wet and dry samples
and combined samples.

Revised sentences:

The RPDy was higher than 2 for both individual predictions of wet and dry samples
and combined samples. According to Chang et al. [43] and Valinger et al. [44] models
with RPD >2.0 are excellent descriptions and predictions of experimental data.



Two references have been added in the revised article:

[43] Chang, C.-W.; Laird, D.A.; Mausbach, M. ]J.; Hurburgh, C.H. Near-Infrared
reflectance spectroscopy—principal components regression analyses of soil properties.
Soil Sci. Soc. Am. ]. 2001, 65, 480—-490. doi: 10.2136/sssaj2001.652480x.

[44] Valinger, D.; Longin, L.; Grbes, F.; Benkovic, M.; Jurina, T.; Kljusuric, J.G.; Tusek,
A.]. Detection of honey adulteration — The potential of UV-VIS and NIR spectroscopy
coupled with multivariate analysis. LWT. 2021, 145, 111316. doi:
10.1016/j.1wt.2021.111316.

Revision in section 3.3 and 3.4

Figure 5 and its explanation has been replaced from section 3.4 to section 3.3 in the
revised article.

Figure 5 has been revised.

Original sentences:

Figure 5 shows plots of prediction for individual and combined prediction samples
predicted using the global PLSR model. Visually, it can be noticed that the residuals
of prediction were randomly scattered closely to the regression line (bias is close to 0)
for individual and combined prediction samples. The SEP and slope for individual
prediction wet samples were 6.35% (w/w) and 0.91 resulting in the LOD and LOQ of
20.93% (w/w) and 69.78% (w/w), respectively. Similarly, the LOD and LOQ for
individual prediction dry samples were 23.15% (w/w) and 77.18% (w/w). For
combined prediction samples, the LOD and LOQ were 21.63% (w/w) and 72.10%
(w/w). Comparing to previous works, our result was inferior. For example, Milani et
al. [15] reported satisfactory LOD values of 0.31-0.86% using the NMR spectroscopy
with a different roasting profile. Sezer eta 1. [16] reported a quantitative approach
using LIBS for coffee adulteration with different adulterants (corn, wheat, and
chickpea) and resulted in a promising result with the LOD below 0.6% could be
obtained. The obtained LOD and LOQ using UV spectroscopy in this study were in
the range of 20.93%~23.15% and 69.78%~72.10%. For this reason, it needs an
improvement for practical application. However, in Indonesia, adulteration more
than 50% of specialty coffee is commonly found for economically motivated
adulteration [12].

Revised sentences:

Figure 5 shows plots of the best PLSR calibration model for individual wet, dry and
combined calibration samples. Visually, it can be noticed that the residuals of
calibration were randomly scattered closely to the regression line (bias is close to 0)
for individual and combined calibration samples. The SEC and slope for individual



calibration wet samples were 3.87% (w/w) and 0.93 resulting in the LOD and LOQ of
12.48% (w/w) and 41.61% (w/w), respectively. Similarly, the LOD and LOQ for
individual calibration dry samples were 12.88% (w/w) and 42.93% (w/w). For
combined calibration samples, the LOD and LOQ were 16.84% (w/w) and 56.14%
(w/w). Comparing to previous works, our result was inferior. For example, Milani et
al. [15] reported satisfactory LOD values of 0.31-0.86% using the NMR spectroscopy
with a different roasting profile. Sezer eta 1. [16] reported a quantitative approach
using LIBS for coffee adulteration with different adulterants (corn, wheat, and
chickpea) and resulted in a promising result with the LOD below 0.6% could be
obtained. The obtained LOD and LOQ using UV-Vis spectroscopy in this study were
in the range of 12.48%~16.84% and 41.61%~56.14%. In this present study, a calibration
and validation regression model were developed using corn adulterated samples in
the range of 10-50% (w/w). However, the obtained LOD and LOQ in this study
suggested we extend the range of corn adulteration up to more than 50%. For this
reason, it needs an improvement for practical application. However, in Indonesia,
adulteration more than 50% of specialty coffee is commonly found for economically
motivated adulteration [12].

Revision in section conclusion:

Original sentence:

The proposed UV spectroscopy and global PLSR model detected an admixture of corn
in the peaberry ground roasted coffee in the range 10% to 50% with the LOD values
of 20.93-23.15% cloud be reported for individual and combined samples

Revised sentences:

The proposed UV-Vis spectroscopy and global PLSR model detected an admixture of
corn in the peaberry ground roasted coffee in the range 10% to 50% with the LOD
values of 12.48%~16.84% could be reported for individual and combined samples.

Table has been made on Table 2. LOD and LOQ moved to calibration steps.

Point 4: The abstract says that R? for PLSR is “more than 0.70”, but in fact is way more
than that.

Response 4: Yes. The authors agree to revise this part.

In the calibration, the R? of the best PLSR model for individual wet, dry and combined
samples were 0.93, 0.92, and 0.88, respectively. In the validation step, the R? of the best
PLSR model for individual wet, dry and combined samples were 0.89, 0.89, and 0.83,
respectively. Therefore, the range of R? for the best PLSR model is 0.83~0.93.

Revision in section abstract line 19:



Original sentence:

The best calibration model for individual wet and dry and combined samples were
obtained for the PLSR model with a coefficient of determination more than 0.70 and
RMSE below 6% (w/w) for both calibration and validation.

Revised sentence:
The best calibration model for individual wet and dry and combined samples were

obtained for the PLSR model with a coefficient of determination in the range of
0.83~0.93 and RMSE below 6% (w/w) for calibration and validation.

Point 5: Introduction can be improved to give a background to the reader regarding
the corn beans as adulterants. You only cite that “the adulteration is frequently
happened in the form of ground roasted coffee”. How important is the adulteration
with corn beans? Is it relevant?

Response 5: The authors agree to revise this part. More explanation has been added
in the introduction. The reason why using corn for diluents in coffee adulteration has
been described.

Coffee adulteration may be performed by changing the quality of beans or adding
other low-cost coffee and non-coffee materials as described by previously reported
studies: robusta coffee (Garrett et al., 2012), inferior quality of arabica coffee (Toledo
et al., 2014), mixed of four materials (coffee husks, spent coffee ground, barley, and
corn) (Reis et al., 2016), wheat, corn, and chickpea (Sezer et al., 2018), soybeans, green
mung beans and spent coffee grounds (Cheah and Fang, 2020), and coffee husks,
soybean, corn, barley, rice, and wheat (Milani et al., 2020). In this study, corn was
selected as an adulterant material due to its low cost and huge availability in the
Indonesian market. For this reason, in a real situation, the adulteration of ground
roasted peaberry coffee involved the intentional addition of finely ground corn.
Additionally, corn is one of the most used diluents in coffee adulteration as reported
in several previous works (Reis et al., 2016; Sezer et al., 2018; Milani et al., 2020;
Ferreira et al., 2021; Pereira et al., 2021).
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Revision in section 1. Introduction and line 78:

Original sentence:

Therefore, in this present research, we evaluated a spectroscopic method based on UV
spectroscopy and chemometrics to quantify the corn adulteration in coffee involving
two common types of bean processing of wet and dry processed methods.

Revised sentences:

In this study, corn was selected as an adulterant material due to its low cost and huge
availability in the Indonesian market. Additionally, corn is one of the most used
diluents in coffee adulteration as reported in several previous works [15-16, 21-23].
Therefore, in this present research, we evaluated a spectroscopic method based on
UV-Vis spectroscopy and chemometrics to quantify the corn adulteration in coffee
involving two common types of bean processing of wet and dry-processed methods.



The following references have been added to the revised article:

[21] Reis, N.; Franca, A.S.; Oliveira, L.S. Concomitant use of Fourier transforms
infrared attenuated total reflectance spectroscopy and chemometrics for
quantification of multiple adulterants in roasted and ground coffee. ]. Spectrosc. 2016,
2016, 4974173. doi: 10.1155/2016/4974173.

[22] Ferreira, T.; Galluzzi, L.; de Paulis, T.; Farah, A. Three centuries on the science of
coffee authenticity control. Food Res. Int. 2021, 149, 110690. doi:
10.1016/j.foodres.2021.110690.

[23] Pereira, L.H.; Catelani, T.A.; Costa, E.D.M.; Garcia, J.S.; Trevisan, M.G. Coffee
adulterant quantification by derivative thermogravimetry and chemometrics analysis.
J. Therm. Anal. Calorim. 2021. doi: 10.1007/s10973-021-11016-6.

Point 6: The method is not clear regarding how you achieve 100 and 99 samples, when
you describe that it was prepared only the 10%, 20%, 30%, 40% and 50%
concentrations. The reader can only guess that all are replicates when looking at
Figure 5. Why were this procedure chosen? Why not use other concentrations?

Response 6: Yes. The authors agree to revise this part. More explanation has been
added in the revised article.

In this research, the wet and dry-processed peaberry ground roasted coffees were
intentionally adulterated with the ground roasted corn in the range of 10-50% (w/w)
with an increment of 10% (w/w). This adulteration range was chosen according to
several previous works [15-16]. It is also the most common adulteration level found
in the Indonesian markets [12]. Therefore, there are five levels of corn adulteration for
wet and dry-processed peaberry coffee. Total 199 samples (1 gram each) of
adulterated peaberry dry and wet-processed coffees were provided. It consists of 20
samples for each level of corn adulteration resulted in a total of 100 samples for dry-
processed peaberry coffees and 99 samples for wet-processed peaberry coffees (19
samples were provided at a level of 40% for wet-processed peaberry coffees).

Why an increment of 10% was used? the increment percentage of adulteration used
by previous studies in coffee adulteration is varied as presented in Table I. For
example, the coffee blends in increment of 2.5% (v/v) for calibration and increment of
2% (v/v) for validation were provided for quantitative coffee adulteration using the
LIBS method (Sezer et al., 2018). Milani et al. (2020) selected adulterant percentages in
increments of 1.5, 2.5, 5, 15, and 25% (w/w) for authentication of ground roasted coffee
samples with multiple adulterants using NMR spectroscopy and chemometric. Cheah
and Fang (2020) prepared coffee adulterated samples in increments of 5%, 10%, and



20% (w/w) for detecting coffee adulteration using HPLC-based chemometric analysis.
Suhandy and Yulia (2021) prepared a wide range of adulteration, the ratio between
ground roasted Kalosi coffee and coffee skins are 0 to 90% (w/w) in increment of 10%
from low (0-20% w/w), middle (30-50% w/w) and a high degree of adulteration (60-
90% w/w) for calibration, validation, and prediction. Nunez et al. (2021) used a 20%
of increment of coffee adulteration in a calibration set for the detection and
quantitation of adulterated coffee samples by chemometrics and HPLC-FLD
fingerprinting.

Table I. Range of adulteration percentages and their increment used in ground roasted
coffee authentication.

Range of adulteration percentages (%)

References

Calibration set Prediction set
Sezer et al. (2018) 2.5-60% (v/v) in increment of | 2-50% (v/v) in increment of
2.5% 2%
Milani et al. (2020) 1.0,2.5,5.0, 10, 25, and 50% | 1.0, 2.5, 5.0, 10, 25, and 50%
(w/w) (w/w)

Cheah and Fang (2020) 5, 10, 20,40, and 60% (w/w) 5, 10, 20,40, and 60% (w/w)
Suhandy and Yulia (2021) | 0 to 90% (w/w) in increment | 0 to 90% (w/w) in increment
of 10% of 10%

Nunez et al. (2021) 20, 40, 60 and 80% 15, 25, 50, 75 and 85%
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detection of wheat, corn and chickpea. Food Chem. 2018, 264, 142-148. doi:
10.1016/j.foodchem.2018.05.037.



Suhandy, D.; Yulia, M. The use of ultraviolet (uv) spectroscopy and chemometrics to
quantify the percentages of adulteration in Kalosi ground roasted specialty coffee. J.
Eng. Sci. Technol. 2021, 16, 350-364.

Revision in section 2.1 and line 113:

Original sentences:
Total 100 and 99 samples (1 gram each) of adulterated peaberry wet and dry-
processed coffees were provided.

Revised sentences:

Total 199 samples (1 gram each) of adulterated peaberry dry and wet-processed
coffees were provided. It consists of 20 samples for each level of corn adulteration
resulted in a total of 100 samples for dry-processed peaberry coffees and 99 samples
for wet-processed peaberry coffees (19 samples were provided at a level of 40% for
wet-processed peaberry coffees).

Point 7: Page 3, line 124 says that 3 pre-processing methods were used, but 4 are
described.

Response 7:

In this research, we combined 3 spectral pre-processing of moving averaging
smoothing with 5 segments (MAS), standard normal variate (SNV), and Savitzky-
Golay first derivative with 11 smoothing gaps and second-order polynomial (SG1d).
We have revised this part to better explain how we select the spectral pre-processing.

Since there is no standard protocol for spectral pre-processing, a trial and error
approach was adopted. Different spectral pre-processing is available in the
Unscrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway) to reduce or to
remove the effect of several different unwanted interfering phenomena such as
particle size influence (baseline different and light scattering), etc. As mentioned by
Roger et al. (2020) and Bian et al. (2020), it is hard to determine which pre-processing
can successfully improve the given original spectral data. For this reason, instead of
selecting the best pre-processing, to optimize the effect of spectral pre-processing, the
combination of several spectral pre-processing was often used. In this study, a
selective combination pre-processing strategy was used by combining three different
pre-processing of MAS, SNV, and SG1d. This combination was done sequentially, e.g.
MAS followed by SNV and followed by SG1d.

Savitzky-Golay first derivative with a second-order polynomial and a window size of
11 points (SG1d) was used to cancel the baseline drifts and to enhance small spectral
differences (Shawky and Selim, 2019). Due to similarity in coffee species of both
samples of wet and dry-processed coffees, it was expected that the spectral difference



in peaberry coffee samples due to differences in the level of adulteration between wet
and dry-processed coffees was small. However, at the same time, as a consequence of
SG1d derivation, the noises were also enhanced. To avoid this, the spectra were first
smoothed using moving averaging smoothing pre-processing as recommended by
previous work (Shawky and Selim, 2019). Therefore, in this present study, we utilized
three sequentially spectral pre-processing: MAS, SNV, and SG1d (MAS+SNV+5G1d).
Our approach was previously used by Shawky and Selim (2019) and Zhang et al.
(2021).
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Revision section 2.3 and line 133:

Original sentence:

Since there is no standard protocol for spectral pre-processing, a trial and error
approach were adopted. To eliminate noise and systematic spectra variation, three
consecutive spectral pre-processing were found to be the best applied: moving aver-
aging with 5 segments (MAS), standard normal variate (SNV), and Savitzky-Golay
tirst derivative with 11 smoothing gaps, and second-order polynomial (5G1d). MAS
was widely used to smooth the spectral data before applying various pre-processing
[21]. SNV was effective to normalize spectra for cancelling the scattering effect while
SG1d was used to correct the baseline effect [22-23].

Revised sentence:



Since there is no standard protocol for spectral pre-processing, a trial and error
approach was adopted. Different spectral pre-preprocessing is available in the Un-
scrambler X ver. 10.4 (CAMO Software AS, Oslo, Viken, Norway) to reduce or to
remove the effect of several different unwanted interfering phenomena such as
particle size influence (baseline different and light scattering), etc. As mentioned by
Roger et al. [24] and Bian et al. [25], it is hard to determine which pre-processing can
successfully improve the given original spectral data. For this reason, instead of
selecting the best pre-processing, to optimize the effect of spectral pre-processing, the
combination of several spectral pre-processing was often used. To eliminate noise and
systematic spectra variation, three consecutive spectral pre-processing were found to
be the best applied: moving averaging smoothing with 5 segments (MAS), standard
normal variate (SNV), and Savitzky-Golay first derivative with 11 smoothing gaps
and second-order polynomial (SG1d). MAS was widely used to smooth the spectral
data before applying various pre-processing [26]. SNV was effective to normalize
spectra for canceling the scattering effect while SG1d was used to correct the baseline
effect [27-28]. Due to similarity in coffee species of both samples of wet and dry-
processed coffees, it was expected that the spectral difference in peaberry coffee
samples due to differences in the level of adulteration between wet and dry-processed
coffees was small. The SG1d spectral pre-processing was also used to enhance these
small spectral differences [26].

Point 8: Page 4, lines 148 and 149 says that three samples were selected for the
calibration set out of 5. From what is show in Table 1, this is probably mistaken. I
believe it should say that 4 out of 5 was chosen as the calibration set.

Response 8: Yes. The authors agree to revise this part. Yes, it should be 4 out of 5 that
were chosen as the calibration set.

Revision section 2.3 and line 168

Original sentence:

The procedure of this separation of the samples was as follows: order the samples
concerning the corn adulteration level (from minimum to maximum values), then
three samples were selected every five samples for the calibration and the rest for
prediction.

Revised sentence:

The procedure of this separation of the samples was as follows: order the samples
concerning the corn adulteration level (from minimum to maximum values), then four
samples were selected every five samples for the calibration and the rest for
prediction.



Point 9: Page 8, lines 270-282 are unnecessary in my opinion. Comparing the behavior
of adulterations in honey, measured by ion mobility, shouldn’t be the same as in the
system studied in this work.

Response 9: Yes. The authors agree to revise this part.
We remove these sentences in the revised article. Reference of Aliano-Gonzalez et al.
(2020) also has been removed.

Point 10: It is not clear to what variables were used for the MLR model. Which
frequency was chosen for that? Information should be provided.

Response 10: Yes. The authors agree to revise this part.

For variable selection in MLR, we agree to revise this part to avoid misinterpretation.
In MLR, a selected few variables were obtained from a plot of x-loadings. There is no
threshold as a cut-off value for x-loadings values. Wavelengths that are associated
with the positive and negative peaks were used as input. For this reason, based on
Figure 4, six wavelengths were used as input variables in MLR: 267, 278, 290, 305, 328,
and 345 nm.

Revision in section 2.3 and line 162:

Original sentences:

In MLR, a selected few variables were obtained from a plot of x-loadings. Wavelengths
that are associated with the peaks (both positive and negative) with high x-loadings
were used as input.

Revised sentences:
In MLR, a selected few variables were obtained from a plot of x-loadings. Wavelengths
that are associated with the positive and negative peaks were used as input.

Revision in section 3.2 and line 255:

Original sentences:
It was reported that the caffeine content in dry processing coffees is higher since about
40% of caffeine is removed with pulp during the wet processing [34].

Revised sentence:

It was reported that the caffeine content in dry processing coffees is higher since about
40% of caffeine is removed with pulp during the wet processing [39]. These positive
and negative peaks obtained from PCA x-loadings of pre-processed spectral data at
267, 278, 290, 305, 328, and 345 nm were used as input variables for constructing the
MLR model.



